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REPRODUCTIVE BEHAVIOR OF THE ALASKA FUR SEAL, 
CALLORHINUS URSINUS 


By Grorce A. BARTHOLOMEW, JR. AND Paut G. HoeEn 


The present study attempts, by means of direct observations, a mathematical 
model, and statistical analyses, to determine the time relations of various aspects 
of reproduction in the Alaska fur seal and to describe both quantitatively and 
qualitatively certain features of the social structure and breeding behavior of 
this species. 

The Alaska fur seal has been more extensively studied than any other marine 
mammal. The general outlines of its life history have been familiar for many 
years; for example, see Osgood, Preble, and Parker (Bul. Bur. Fisheries, 34: 
1-172, 1914). During fall, winter, and early spring the animals are strictly pelagic; 
the females and young scatter widely over the north Pacific Ocean; the adult 
males remain in the vicinity of the Bering Sea and the Aleutian Islands. In late 
spring the adult males (harem bulls) come ashore on the Pribilof Islands, es- 
tablish territories spaced more or less evenly over the rookeries, and await the 
coming of the females (cows). The pregnant females and the young non-breeding 
males (bachelors) start coming ashore in the middle of June and continue to do 
so through July and early August. The cows are apportioned among the harem 
bulls. Most of the non-breeding males station themselves inland from the breed- 
ing animals. Within a few days after their arrival the females bear their pups 
and come into heat shortly thereafter. After mating they spend the rest of the 
summer feeding themselves at sea and nursing their pups on land. During the 
entire breeding season, which lasts approximately two months, the harem bulls 
stay in their territories without eating or drinking, but the subadult non-breeding 
males go to sea at irregular intervals. Toward the end of the breeding season, 
when the harems are disintegrating and the harem bulls are returning to sea, 
the virgin females come ashore, and at least some of them are fertilized by the 
young males which have not maintained harems. 

Although during the last fifty years much time has been devoted to the study 
of the Alaska fur seal, detailed and quantitative data on the behavior of indi- 
vidual animals or specific groups of animals are not available. Because of the 
commercial importance of this species, most previous studies have been economic 
in purpose, and have, therefore, been concerned with the population as a whole. 
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The necessity of supplying practical answers to problems of management has 
precluded the possibility of prolonged detailed study of individuals or small 
groups. However, it is on such time consuming and often tedious observations 
that the solution of some of the intriguing problems presented by these unique 
and spectacular animals rests. 

We thods The technique of study was the oby ious one oI careful and extended 
daily observations by the senior author, of the undisturbed animals, and th 
detailed recording of their behavior at the time of observation. Although all of 
the rookeries on St. Paul Island were visited at one time or another, the quanti- 
tative study was confined to an isolated group of 20 harems in Kitovi Amphi- 
theater which lies at the extreme north end of Kitovi Rookery. Between June 26 


~ 1 
1951, when sys 


tematic observations were begun, and August 6, 1951, when they 


were terminated, slightly over 220 h urs were spent observing the harems ll 
Kitovi Amphitheater. Partly to avoid disturbing the animals, but also to get out 
of the miserable weather which characterizes the Bering Sea, observations wer: 
made from a blind overlooking the study area 

In a study such as this, it is necessary to deal with known individuals. The 


limited areas occupied by the males, together with the variety of scars and 





wounds which they bore, made it possible to recognize many of them individual 





However, the changes in location by the females and the pups and their lack of 
distinguishing individual characteristics made it impossible to follow any ol them 


that were not marked o 


tagged. The cows and pups wert marked either with 
small harpoon barbs to which were attached plastic strips, with flipper tags 
(Scheffer, Special Sci. Rpt. Wildlife No. 4, U. 8S. Fish and Wildlife Service, 1950 
to which were attached plastic strips, or by daubs of quick-drying paint of th 
type used for marking roads. The last method proved to be by far the most 
satisfactory and convenient. The paint marks were applied with a cloth daube: 
attached to the end of a heavy bamboo pole. They gradually wore off, but som 
of the marked animals were still identifiable six to eight weeks after being marked 
lo avoid disturbing the social organization, no animals in the observation area 
were marked after July 2 

Either by individual characteristics or paint daubs it was possible to recogniz 
all 20 of the harem bulls in the observation area, and on the basis of paint daubs 
and flipper tags it was possible to identify 40 cows and 20 pups. All the pups and 


females were marked in the same part of the rookery, and since they tended t 





remain in the general area where they were marked it was possible to keep a rather 
complete record of their activities 

In addition to following the marked animals, harem by harem censuses wert 
made daily, tabular records were kept of the various types of behavior which 


were frequently repeated, and descriptions were recorded of al 


} 
} 


activities which 


appeared to be significan 


REPRODUCTIVE BEHAVIOR OF THE FEMALI 


The reproductive activity of the female consists of two clear-cut but temporally overt 


lapping spheres—parturition with associated activities, and impregnation. During the 


breeding season the males are continuously concerned with the females, but except for 
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brief period of estrus, the females’ reaction to the males is one of avoidance or indifference 





Consequently one can consider those activities of the females which have to do with parturi- 


ion and care of young separately from those concerned with impregnation 








While at sea the females are solitary or only slightly gregarious. Even at the height of 
migration at sea one ordinarily finds only isolated individuals, or at most a group of a half 
dozen, scattered over an area of a quarter or half square mile. Each summer thev leave the 
water one ind establish themselves individually in the rookery. In Kitovi Amphi 
he i peak of the pupping season was in the second week of July (Fig. 1 
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. i D counts otf SFE co pul 2 Kito L\mphitheate 
ne the cows’ arrivals were spre l Ove I od of six weeks or more females in 
ous stages or the reproduct ve ¢ cle we pres t tne TroOoKerTIes Al ill times during 
breeding seasol 
Interval between a ul and parturiti For an observer to determine the interval 
between coming ashore and parturition is difficult, for it requires that a female be tagged 
irked immediately upon arrival. However, two females were tagged just as they came 


ashore for the first time, and fortunately it was possible to observe parturition in one of 


I 
these and to find the newborn young of the other only a few minutes after its birth. In the 
irst tance, the time ashore prior to giving birth was three days, two hours, and 50 min 





utes; in the second, it was approximately one hour more than two days. Among scores of 
nhewbori pups observed, only one was born b a female still wet from the sea she could 


not have been ashore more than two hours. Six untagged f 


females which could be followed 
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individually because they occupied isolated positions in the observation area, are knowr 
to have borne their young within one day of their arrival ashore 
then. over ; 


As soon as they dry out after coming ashore, the cows are soft pearl gray 





period of three to four days, they turn yellow-brown. No yellow-brown females with fresh); 


born young were observed. This means that virtually all the pups are born within thre: 
lavs of the arrival ashore of the mother 
Interval between parturition and estrus.—Like most pinnipeds, the Alaska fur seal is 


characterized by a post-parturitional estrus, but the interval between parturition ar 


estrus in this species has remained unknown. The marked females followed in the present 


study yielded some evidence or this point. To determine under field conditions the period 
between parturition and estrus, it is necessary to note when a female bears her young and 


when she is sexually receptive Although 40) fe males we re marked, it was possible to obs¢ rve | 


the copulations of only five that had pups of known age. The data for these five individuals 


summarized in Table 1, indicates that estrus occurs four to seven days after parturitior 


Estrus appears to last no more than a day, ordinarily. Most of the females copulat 
only once. In all instances in which marked individuals were involved, females went t 
S¢ either on the same da that they were served or on the day following. Although tl 

4 BE] ‘ai nie hety ) ; ind est 





TIME OF PARTUR wl AT 
Minimu Max 

Prior to morning of June 2¢ 1:10 p.m. June 3 4! 
Morning of June 26 9:20 a.m. July 1 5 5 
sJetween 4:00 p.m. June 28, and 9:0 

a.M. June 29 4:00 p.m. July }! § 
Prior to 2:00 p.m. June 30 4:27 p.m. July 5 5 
Between 9:00 \ Jul ] nda 3:00 

P.M. Ju l 6:15 u. July § 6 f 


pe ik of the females’ receptiv ity appears to have passed when the leave to go to sea, some 
of them appear to be still mildly receptive and it is remotely possible that some of then 
mate again at sea. Although no signs of copulatory activity by swimming seals were ot 
served, the Aleut natives report that they sometimes see seals going through copulator 
motions at sea 

When a female is on her way to sea after having had coitus, she is often stopped by or 
of the males whose territory is at the water’s edge. In virtually all such instances tl 
female appears to be primarily interested in reaching the water. She does not solicit atter 
tion and attempts rather half-heartedly to avoid the male. If the male mounts her, however 
1 completed copulation often ensues. It is probable that not more than one in 40 of thes 
departing females is served by a second male 

4 second estrus never occurs. When returning from her trips to sea, the female activel 


avoids males. In the interval between parturition and the end of estrus, the vulva is swollet 


and protruding and the vestibular mucosa and vaginal orifice are a brilliant pink. By the 
time a female returns from her first trip to sea the swelling is completely gone and neither 
vestibular mucosa nor vaginal orifice are conspicuous. The entire vulva appears dar! 
brown or black 

Mother-pup relations.—One of the specific goals of the present study was to work out it 
detail the nature of the mother-pup relations and to determine whether or not the cows 


nurse only their own young. It has long been assumed that the female fur seal nurses onl; 
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| n pup; and during the period of pelagic sealing up to 1911 this point was of at 
the management. Nevertheless, actual proof had not previously been obtained 
The 40 rked females and 20 marked pups inclu 12 mother-pup pairs whose rela 
ve we ible to establish in one of two w: either the cow actively defended 
pup, or parturition was observed. Of the 12 pairs, only seven could be followed for 
than a few days, because one member of each of the other pairs either lost its identifica 
) rk or died. During the seven weeks of obse tion at Kitovi, marked females and 
é were seen nursing scores of times and except for two instances, in which tw 
I Itaneously but briefly nursed the same f le, the females suckled only their own 
\ ttempts by the pups to nurse femal | heir mothers were vigorousl\ 
| Pr spicuou eatu the s S spe ( s its periodic natures A 
l mot} side nur ig int ntl da yr so and then the female 
go to or 8 days to feed, | g her pup ast intended. Since a female 
UL he 
. I , - The f ; 
f — 9 , P , f part 
; a fase ; intimal 
| , 
{ g 
; g 
5 7 If 
7 i 
8 ] 
5 ~~ 
‘ ] 1 G 1 
j 7 ¢ 1 0 
r ip but | own, a pup necess goes without food while its mother is at 
l g f the female’s sta t se 1 the percentage of the female population 
S¢ ny one time has been little studie 
A ‘ reCOT was kept of the presence or absence of the marked females. Frequent 
search - made of the observation ars vitl noculars and telescope, and arrivals 
. I é tures marked females were noted. In this manner the intervals at sea and the 
periods on land of the marked females were determined (Table 2). The stays ashore were 
shorte d the stays at sea were considerably longer than was anticipated on the basis of 
he ¢ tes of previous workers. Sojourns at sea of as long as eight or ten days were 
' requent, while the usual stay ashore was two days or less. This means that for periods of 
‘ ek or more the young go without feeding and that on the average they are attended 
t f others for not more than one day in four or five. The first trip to sea appears to 
be shorter than the others. The stimulus causing the females to return from sea is com- 
pletely unknown, but it is possible that they return when their mammary glands are full 
we If so, either a diminution in the rate of milk secretion or an increase in the pup’s demands 
coul ise females to stay at sea longer as the season progresses 
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nde 


A STATISTICAL MODEL FOR ESTIMATING THE TIME RELATIONS OF THE 
VARIOUS BREEDING ACTIVITIES 

In the preceding description of the behavior of female fur seals, estimates are given for 

such biological parameters as the time between arrival ashore and parturition, the time 


based 


between parturition and estrus, and the time between nursings. These estimates are 
largely on data obtained from marked animals. Since the number of marked animals avail- 
able was small, the estimates cannot be considered to be very accurate unless substantiated 
by other evidence. Such evidence can be obtained by introducing a statistical model for 
the essential activities of the female, determining this model with considerable precision 
by using the extensive data available on the daily sizes of the cow and pup populations, 
and then obtaining accurate estimates of the desired parameters from this model 

In the summer of 1951, the females began to arrive about the middle of June and when 
observations were begun June 26, there were 31 females in Kitovi Amphitheater. During 
the observation period, harem-by-harem censuses were made every morning. The growth 
and decline of the population of females during the breeding season is shown in Figure 1 
The trend of the population, as indicated by the freehand curve fitted to the data, was 
strongly upward until the end of the first week in July when it leveled off. By the end of 
the second week in July it began to decline, and it continued to fall off during the rest of 
the observation period. This curve, however, does not indicate the timing of the arriva 
of the females on the rookery; rather it expresses the equilibrium between the numbers of 
incoming and outgoing females 

The number of pups in Kitovi Amphitheater increased daily until July 26, and pregnant 
females could occasionally be seen coming ashore until the end of the observation period 


However, when the pup population was near its maximum, counting errors were so larg 


) 


ase in the size of the population of pups could be discerned after July 2 





that no further incre 
The growth of the pup population during the breeding season, and its freehand-fitted trend 
are also shown in Figure 1 

The model that is about to be introduced assumes that each day of the breeding seasor 
j 


has a certain probability that it will be the day of arrival for a randomly selected femal 


} 


and that the females inhabiting Kitovi Amphitheater can be considered as a random samp! 
of all the females with respect to the time of arrival. Then, for a given population siz 


females, there will exist expected frequencies of females arriving for each day of the bree 
ing season. The following notation will be needed for the model. Let 

N total number of females observed 

f number of females expected to arrive on the ith day 

I number of females expected to be in residence on the ith day 

a = mean number of days that females are in residence before first going to s 


mean number of days that females are away on first trip to sea 


mean number of days that females are away on their second and subsequent trips 


to sea 
Since observations on marked animals indicate that females spend approximately two 
or possibly fewer, days ashore when returning to nurse their young, it will be assumed 
the model that the mean number of days ashore on such visits is two. Using this assump 


tion, the proposed model expresses F; in terms of the fj; by means of the following formula 


Q 


This formula arises from counting all females that arrived on the ith day or on one of the 
a — 1 preceding days; counting those who came a + 8 and a + 8 + 1 days earlier becaus¢ 
they will have been in residence a days, have gone to sea for 8 days, and have returned t 
nurse their young on the i — 1th or ith day; counting those who came a + 6 +4 2 and 
a+ 68+ 7+ 3 days earlier because they will have gone though the cycle of the preceding 
group and will also have been gone y days on the second trip; etc 
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1 Since (1) is assumed to hold only for the expected frequencies, it is necessary to find 
good approximations to these frequencies if (1) is to be tested for its idity. The total 
: sample of females is large; hence a smooth curve fitted to the obs srved Fj given in Table 3 
: should g s good approximation to the expected F;. The curve ir Figure 1 for the female 
- population therefore be considered as viel] ling the « xpect 1 F; to a good Lpproxima 
tior (0 i:pproxim tions to the expected If; can b optain d b using the relationship 
het female arrivals and pup births. Sinc each femal gives birth to t singl pup ap 
_ two days after arrival, the theoretical frequen: distribution of female ar 
‘Or Is, g by the fi, should be about the same as the theoretic il frequency distribution 
- ip births, except for a shift of about two d in the time scale. But a g od approxima 
- | retic yuency distribu hs can be obtained by fitting a 
sr to the pup data given in Tabl The curve in Figure 1 for the pup popula 
ng +) } j ‘ bs thont 
‘ | 
| 
‘ 
| j 78 625 
| 3/ 17 17 616 
S a4 340 §40 
) s 58 ] 332 657 
7 St 337 686 
4 114 40) 705 
g 3 14 4 312 702 
2 »7 172 309 738 
27' 236 ) 22 738 
18 AF 5 756 
IQR 392 » )] 72 
a) 545 rf 244 769 
5 36 37 Ig 249 773 
( 499 { Y 769 
| 6 ¢ 16 781 
3 176 765 
1] 19 Au l 762 
+ 5 y 16 7292 
5 FA 16 758 
4 57¢ 107 777 
17 769 
thereiore be considered as yielding the theoretical f; for pup births to a good 
appro tion. Since f I | is valid for pup frequencies, although it is not valid 
é € Irequencies, this technique will yield a good approximation to the { for females, 
pro the proper shift of about two days in the time scale is made 
TI lidity of the model given by (1) together with th correctness of whatever values 
chos lor a, 8, and 7 may now be appraised by observing whether formula (1). when 
applied to the f; obtained from the pup curve, yields values of the F; that agree with those 
given the F; curve in Figur 1, after the latter curve has been shifted a suitable amount 


} Assuming that the model is correct, the values of the parameters a, 8, and y which give the 


1. bes rrespondence between these two I} curves m be considered to be the best esti 


) 
mates of those parameters. Since all the parameters are taken to be integers. the best 

n estimates can be found by trial and error methods 
ng Application of the foregoing methods showed that the best estimates for the parameters 


area = 10,8 = 5, and y = 8. The F; curve of Figure 1 and the F; curve given by formula 
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') with these parameter values, after a shift of two units to the left in the latter, are shown 
in Figure 2. The excellence of the agreement indicates that the model is realistic and that 
the estimates of the parameters are good. Changing a by a unit will alter the curve con 
siderably; hence a = 10 may be considered as an accurate estimate of the value of a. ¢ *hang- 
ing either 8 or y a unit will alter the curve somewhat but not to the same extent as altering 
a, hence the estimates 8 = 5 and 7 = 8 cannot be considered as reliable as the estimate 
for a. Since it was necessary to shift the F; curve obtained from the pup data two units 
to the left in order to obtain a fit with the F; curve for females, it is established that the 
mean time between arrival and parturition is two days. Any change in this shift will cle 


give a poor fit; hence this estimate may be considered to be accurate 
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Fic. 2.—Population of fur seal cows in 20 harems in Kitovi Amphitheater. The sol 
line represents the smoothed daily counts. The circles denote population size as calcu 
from the mathematical model 

A comparison of the estimates obtained from marked animals and from the preceding 
technique shows that the two sets of estimates are in good agreement. For marked animals 
the time between arrival and parturition ranged from less than one day to more than thre 
days. The model estimate is two days. For marked animals, the time between arrival ashor 
and first departure ranged from about eight days to 11 days. The model estimate is a = 
10 days. For marked animals, the mean times at sea on the first and second trips were about 





six days and eight days, respectively. The model estimates are 8 = 5 days and y = 8 days 
From data on marked animals, it was observed that the time between parturition and 
estrus ranged from five to seven days. If it is assumed, as observations indicate, that the 


female goes to sea one day after estrus, the estimate from the model for this time int 
is seven days. Further evidence substantiating the accuracy of this estimate will be pre 
sented in a later section. This agreement between the estimates of the various parameters 
adds further validity to the reasonableness of the model and to the accuracy of the est 
mates obtained by its use 

Variability of data.—The preceding methods were based on the assumption that the 
observed values of the f; could be treated as the frequencies that one would obtain in taking 
random samples of females. If one compares the observed and expected values of the f 
he will find that the variability is greater than it should be for random sampling. Sinc« 
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when the populations became large, there was a considerable error in counting females, 


nd particularly pups, it may be that the excess variability can be attributed mostly to 





inting error Now it is Trea ly onl necessary to assume that the smooth curves in 




















) 
Figure 1 may be treated as giving good approximations to the F; in order to justify the 
methods that have been used; hence the justification will follow if it can be shown that the 
sas yb ed f; behave like random sample frequencies plus independent counting errors of 
‘ t 5 known to occur 
bh, Since the pup population stopped growing about ten days before the end of the observa 
1d, the variation in the last 11 sample values of the F; for the pup population 
ysidered as due to the counting error only. The variance of these errors will 
ind to be 68. Now if one assumes that the variance of the error of counting over the 
od of observation 1 proportional to the ze of ti popul ition being counted 
to estimate the variance of the errors by another method using all the data. 
is whether or not the explanatior of tk excess variability in terms of counting 
reasonable one. By introducing the chi-square goodness of fit function, it can be 
the constant of proportionalit ust assumed can be estimated accurately by 
> { 
—" 
i , 
bug 
imber of observation days, 0; is the observed number of pups born on the ith 
F; refer to the theoretical frequencies for the pup population. If this formula 
pup data of Table 3, it will be found that } 11. Since it was assumed 
kF;, it follows that o, for the last ten days of observation should be approxi 
given by replacing F; by its Figure 1 value near the end of the curve. Choosing 
I id t tl follow n 7, for the last ten d si 1 be upproximatel; equal to 85 
™ test will show that the sampl iriance of 68 is compatible with the theo 
1e of 85; hence it follows that the error assun is a reasonable explanation 
tr exces variabilitv and therefore that ons 1eed not question the assumption of ran 
) use of the excess variabilit, 
I attempt is made to follow high and low frequencies for the female population and 
em with those for the shifted pup population, it will be found that the method 
lure is due in part to the conspicuous short-term fluctuations in the number of 
t] e caused by daily variations in weather. Rain and spray disturb the 
o A hea rain ¥ cause many of them to desert the rookery and 
8 number of hou It also causes to st sea females who otherwise would 
re 
) shore. Similarly, a heavy windstorm that sweeps the seaward harems with spray 
cause a temporary diminution in the number of females in these harems 
( 1 rainless day following a period of sto the rookeries have an unusually large 
ulation. To smooth out the effect such disturbances, an averaging process 
Se s igure ] is net led 
REPRODUCTIVE BEHAVIOR OF THE MALI 
yehaves in a more spectacular manner during its breeding season than the 
j l . ur seal. He goes without food or water for two months or more. He defends a 
. wzgressive behavior so fierce that not infr que ntl mortal wounds result, 
time he maintains a harem which may contain as many as 100 cows. Never 
tiled study has ever been made of this remarkable performance. No specific 
p 18 I ich things as duration of harer maintenance integrit' of harems, and relation 
I m size to reproductive performance are available in the literature. The present stud 


supply such documentatior 
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Harem maintenance.—A census of the seals in each of the harems in the study area was 
taken daily between 8:00 and 11:00 a.m. The histories of four typical and adjacent harems 
are summarized in Figure 3. 

Most of the males establish their territories before the females arrive (Pl. I). The females 
come ashore and join a harem by settling down wherever room is available. Consequently, 
males that have territories close to the water acquire harems earliest. Males near the water 
may obtain their full complement of females before the males farther inland acquire any 
females at all. There are two reasons for this. The most important factor is the gregarious- 
ness of the females. As long as space is available, females coming ashore join harems that 
are already established; the choice of a harem by the female appears to be made without 
reference to the male. Indeed, for the fur seal cow, mate selection as such does not exist 
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Fic. 3.—Histories of four typical and adjacent harems in Kitovi Amphitheater. The 


territories of male number 2 and male number 5 were largely bounded by ledges or crevices 
while the territories of male number 20 and male number 3 were not delimited | 


DY topo- 
graphic features (see Fig. 4 


The second and less important factor is the extremely zealous harem maintenance by bulls. 
If a cow attempts to leave his harem, the bull will chase her and drive her back or seize 
her in his mouth and throw her back. But even so, a bull is never able to keep a cow in 
his harem for more than a few minutes if she is determined to leave 

A territory-maintaining male that has no females will frequently dash to the edge of 
a harem adjacent to his territory and seize with his teeth a female by whatever part of her 
body happens to be nearest, carry her into his territory, and drop her. Within a few minutes, 
while the male is occupied with territory defense, or is lying down to rest, the female usually 
scurries back to the harem from which she was stolen. As a result, raiding is usually futile 
unless the male can accumulate four or five females. The females are so gregarious that 4 
smaller group is unstable, at least in the early part of the breeding season. Consequently. 
a male must make many raids before he can establish even a small harem. 

The size of a male’s harem is more dependent on the location and topography of his 
territory than upon his diligence and vigor. Large harems develop first in territories which 
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rer. A view of part of the study area in Kitovi Amphitheater on June 26, 1951. The 


hi bulls are on their territories and the cows have begun to aggregate in harems near the edge 
1g 
hich 


of the water 


Lower. Same view, July 5, 1951. The number of cows has increased greatly and nearly 


all the bulls now have harems 
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Occupy relatively flat areas which are topographically delimited in such a manner 
male need defend only a part of the perimeter, and which are conveniently access 
the water but not immediately adjacent to it. If a territory abuts on the water 
tinuously disturbed by the attempts of nonterritorial males to hold females in the 
vater at the edge of the shore or to establish themselves on land 

In just a few days, early in the breeding season, a male occupying such a f 
located territory may acquire a hundred or more females, so many that they literal 


f 


flow his territor\ ind s] id into the areas of adjacent harem-less males which imme 





preempt them. The new harems thus established then begin to grow at the expens 


big one. Thus. in some circumstances, harems gro rapid! ind fluctuate widel 
from dav to da note harems 3 and 20 in Fig. 3 
TABLI Jaily total copulation rate of 20 re h n Kito mph ea 
I | / ri f / } Lmphith 
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} > OO Hy) Nf 
10 1.20 st) Nf 
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12 l 4 \ug 
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5 () 
On the other hand, if a male’s territory is small and occupies an area delimit 
or cliffs in which there is room for only a limited number of females, the size « 
ma emain relatively constant throughout the breeding seasor note haren 
Fig. 3). In all cases, howeve because of the | partures of pregnat 
estrous females, the composition of a haren 1 o da Wher 





female comes ashore, she may establish her 





vander through several harems before setthi down t bear her pup. If she | 
occupy a position that is near the boundary between two harems, she m 
b the male of either territor When she comes ashore fter her periodic trips 
usually returns to the same section of the rookery in which she bore her pup, but 
no effort to rejoin her previous harem. Instead, she settles down wherever she | 
find her pup 

Vi hare r Although it has long beer nown that polvgvny is mo 
developed in the Alaska fur seal than in any other mammal, precise quantitative 
not previously been available. The ratio of breeding females to harem bu 


Amphitheater during the breeding season of 1951 was 39:1. The estimated to 
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ough one might expect that a large harem would not be maintained for as long as a 
st e, such is not the case. For example, male number 3, an animal in his prime, held 
rge t tory and maintained a harem with a mear p youlation of 38 cows for 38 
Ir male number 8, an « d pit th three car missing 
uged bluffs and threats to hold a territory of about 60 square feet—little more than 
ig m in which to turr ound. The me of his rem was two and the p 
intenance yas on id 
} ‘ y Du ing the a he ling e« Scr ‘ ; 
9 ( rival s iri f se ileentels (ied eee 
. . . I 
nother bull wil .| reress , yn. As the end of t] seeding 
I f é gree of aggress nes strength of the territorial attacl 
} ulls son es t te yr spontaneously, and 
ior } nn } othe es bul >» le the ea he has 
usl tu e sea. § mes ill that stavs his territor 
but the most | ntenan t it] 
. 5 dult 1 g he vhicl € befor 
H t é cul ng ) I I s and t pup 
O ly, 1 g yn the ) luring the 
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“ T'} ‘ } rate | ” 1 lure haorer m ntenance 1nd 
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¢ ) 3 1] [ t t whet! rno 1 male’s 
‘ ss is ) ed wit!) } s11e; nteé 
} ecurrer . he ' 
I é he study area during the px 1 servation. 
mm of these numerical dat ] descriptive reco 
vel whic ver Y | 1A 
P ae aaiieliae F ts 1 toward pregr pre-estrous 
» ¢ it mal irs Is show ¢ nt S yn n tl females 
Althougl s often poss yr ar e » det ne whether or 
in he yn t basis of he ) i postural mannerisms, the 
) r f e estrou | most exclusive smell. One of the 
1 cl terist pe T I i s I ear tor estrous 
yuse himsel he g is 1 rapid bout his harem 
g ses of his females. If one } len amalia on 
, s. the male then smells } : WI the famale 
( coo} tes t cbing ng her | 
estrus copul nm ensues L Une l he active 
oug! Quite frequently the male dos i even bother the female’s 
l oves into copulatory position immediatel fter obt uppropriat 
ie from the female’s nos 
B ns of these periodic excursions through and around his harem, the male serves 
I le! es one after the other as they come into heat. Once the breeding season is well 
if the mal operates methodic in lat c Imly, but early in the season 
8 st few of females come into heat, he behaves in a very excited manner He may 
pulate several, times with the first of his estrous females, but with subsequent females a 
single copulation is the rule. Although there 1 decline in male’s sexual interest as the 
eeding progresses, during most of the oductive capacity usually 
appears to be adequate even when sever to heat on the same day 





Even while copulating with one f male may show sexual interest in another female 











$32 JOURNAL OF MAMMALOGY Vol. 34, No. 4 


by sniffing energetically at her nose. Males frequently copulate with two females within 
half hour, and once a male copulated with two females within 16 minutes. For a male to 
copulate four or five times in as many hours is not unusual, and in one instance a male 
which had been mating regularly for a number of days copulated with six different 
females in five hours and 17 minutes. 

Changes in sexual behavior during the breeding season.—The duration of intromission was 
recorded whenever it could be determined. Toward the end of observations, when the 
breeding males were abandoning their harems, the copulations were slightly more pro 
t} the 132 


copulations which were timed are divided into three equal chronologically arranged groups, 


longed 


1an during the early and middle parts of the breeding season. Thus, 


the mean duration of copulation for these groups will be found to be 5.9, 5.7 and 7.1 min- 
utes, respectively. However, the change in the behavior of the males toward the estrous 
females as the end of the period of harem maintenance approached was more conspicuous 
than the increase in duration of coitus. It was repeatedly noted that a day or so prior t 


f 


departing from the rookery, males became conspicuously dilatory in their sexual activities 





even though they continued to serve their females. Whereas early in the season males im 
mediately mounted estrous females and completed copulation without interruption, on 
the last few days of their stay ashore the males frequently behaved in a manner that sug- 


gested sexual 


fatigue or at least a decline in interest. Before actually beginning cx 


| times over a period of half an 





they often mounted and dismounted a given female sever 








hour before completing copulation. There is no reason, however, to believe that these 
dilatory copulations were less effective in fertilizing the females than the more expeditious 


copulations earlier in the breeding season. Males which were collected early in August 
1951 (this is at the end of the organized breeding season) by Karl W. Kenyon and F 


sg 
ra 
Uru 





Wilke, and examined histologically by Dr. Richard J. Blandau, had fully active testes 
Efficiency of harem bulls.—In order to estimate by means of available data the reproduc 
tive efficiency of the harem bulls, it is necessary to assume that the copulation rate of 
males may be used as a measure of their fertilizing efficiency. A high level of sexual vigor 
does not necessarily indicate a high level of fertility; nor does low sexual vigor indicat 


+ +} 


» assume tha hose males 


low fertility, but other things being equal, it is reasonable t 
which copulate with the most females fertilize the most females 

Table 4 gives the observed copulation rate per hour for the 41 days of observatior 
Since the day-to-day variation is extremely large, a smooth curve was fitted to these rates 
after they had been multiplied by 24. The resulting curve, which is shown in Figure 5, ma 
be considered to be an estimate of the frequency distribution of copulations for the populé 
tion under consideration. These estimates may be too large because the copulation rat 
for day time observations may not hold for all 24 hours of the day However, no diurna 
variation in the level of activity 


yf the rookeries is apparent. Kitovi Amphitheater was 
visited at all times when there was enough light for observation (2:00 a.m., to 11:00 P.m 
and no significant differences in behavior associated with time of day were noted. If nois« 
is a criterion, there is little diminution in male activity even during the brief hours ol 
subarctic darkness 

Figure 5 also shows a curve that represents the estimated daily number of estrous f 
males. This curve was obtained in the following manner. Differences between successive 
daily counts of pups were taken from the pup curve in Figure 1 to give estimates for the 
daily number of pup births. These estimates were graphed and smoothed to give a more 
refined estimate for the expected daily number of births. The resulting curve was trans 
lated two days to the left and treated as a refined estimate for the expected number of 
daily arrivals of new females. The validity of using the pup census for estimating the 
frequency distribution of female arrivals lies in the fact that each newly arrived female 
produces one pup and the fact that the mean time lag between arrival and parturition 1s 
two days. The curve for female arrivals obtained in this manner has been centered so that 
its Maximum agrees with the maximum for the copulation curve. The justification for 
making the maxima agree is that the maximum number of copulations should occur when 








aA 


ro 


oOo 


was 


the 








1 18 
Da 


Nov., 1958 BARTHOLOMEW AND HOEL—FUR SEAL 133 


the maximum number of females are in heat and this latter date should occur a fixed number 





ys after the date when the maximum number of females arrived. If, for example, the 





eal 


occurred to the right of the tran ed maximum for female arrivals 





yuld imply that at first the copulation rate deers lil hen increased for several 
g 1 then decreased steadily again, which is unlikel 
With this centering it will be found that the difference in the time scales for the two 
é nine days. Thi precisely the estimate obtained from the statistical model (1 
f me between ar l and rus. Tl cell 1g her the statistical 
hased « daily cens « ids further slid } COT ne t yuslv made and 
he ¢ } iwions abou » he max le 
| iad -—— 
| vv ,-~NUMBER OF COPULATIONS 
J \ 
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\ 
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~*~, 
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I Reproduc efficie! of ha I The ethod le lining the tw 
g lege i tl Pr 
A irison of tl ¥o curves of Figure sho S are giving adequ 
ce during the early and middle parts of tl 1s0N, i.e., on th verage slightly mor 
ne copulation per estrous female, but that re not doing so n¢ the end of the 
seas not all the estrous females are | iz serve Since the copulation curve wa 
sed on the assumption that the copul ition rat obtaine 1 time observation 
ids during the entire 24-hour period, and since the true te may be somewhat lowe! 
ind since as pointed out earlier the female curve may be slightly higher than indicated i 


Figure 5, it follow that the deficiency of co} ulations near the end of the season may be 





re pronounced than Figure 5 indicates, and that this deficiency may extend considerably 
rther back in time 
Figure 5 demonstrates that only during the first week of the breeding season was th: 
aY ge number of copulations per females ] two. Thereafter the rate decreased 
i 
rather rapidly, showing that for most of the there was but one copulation. The 


copulation curve in Figure 5 was based on a total of 220 hours of observation. Since these 
ours of observation constitute approximately 20 per cent of the organized breeding season, 
he copulation curve is quite reliable, provided the assumption that the copulation rate is 
iependent of the hour of the day is valid. The average number of copulations per femal 


the entire breeding season based on this same assumption is 1.3 
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If the copulation rates for the various males are treated in the same manner as the 
total copulation rates were treated in the preceding paragraphs, the estimates given in 
Table 5 for the total number of copulations for each male will be obtained, based once 
more upon the assumption that the observed rate holds for the entire 24-hour period 

If it is assumed that the number of females belonging to a harem, and hence requiring 
service, is proportional to the sum of the daily observed number of females in the harem, 
then an estimate of the total number of females belonging to a given harem can be obtained 
It is merely necessary to calculate the ratio of the daily census of a given harem to the 
daily census of all the harems, and then take this ratio of the known total number of breed- 
ing females. The total number of breeding females should be about the same as the total 
number of pups born, alive or dead. For Kitovi Amphitheater this total was estimated 
to be 780; hence the foregoing ratios were taken of 780. The resulting estimates for the 
number of females belonging to each harem are listed in Table 5 

An inspection of the fourth row of Table 5, which gives the ratio of copulations by the 
various males to the number of females in. their harems, shows that the variability in 
estimated male activity is very large. If the 19 males are ordered with respect to the siz 
of their harems and then are divided into three groups consisting of the first six, the second 
six, and the last seven, it will be found that the ratios for these three groups are 1.23, 1.49, 
and 1.70, thus showing a slight trend in the direction of increased efficiency of fertilization 
with decreased harem size. If the two largest harems are deleted, this trend will disappear; 
hence about all that can be said here is that males do not appear capable of servicing 
harem of more than 100 females 

If the males are arranged in order of their Table 5 ratio values and the number of days 
of harem maintenance is treated as a correlated variable, it will be found that there is no 
relationship indicated for these two variables. A similar conclusion can be made for the 
variables harem size and onset of harem maintenance 

Although individual variations, both physiological and psychological, are undoubtedly 
important in determining a male’s reproductive effectiveness, such factors do not lend 
themselves to analysis under field conditions. However, some of the apparent irregularities 
in Table 5 are related to a factor which is readily studied and which has proved to be 
important in many aspects of the social behavior of fur seals, namely territory location 
For example, males number 1B and number 4, whose territories lay on the principal route 
of departure of the females from the study area, served many more females than would be 
expected on the basis of harem size. The high copulation rates of these two males are caused 


by the fact that they occasionally had coitus with females from more inland parts of the 
rookery when these females were on their way toward the water on the first of their periodic 
trips to sea 

Efficiency of the fur seal social organizatior -From the st undpoint of reproduction, the 
social organization of the Alaska fur seal appears superficially to be inefficient. The sex 
ratio presumably is equal yet in a given year only one male in approximately 40 regular! 
serves the females. Although the copulation rate of this minority of bulls is adequate to 
take care of all the females coming into estrus during the early and middle parts of the 
breeding season, toward the end of the organized breeding period these males appear to 
be unable to serve all their females. Some of the females must, therefore, depend for fertiliza 
tion on the subadult males that intercept them when they make their first trip to sea 

No matter how inefficient, wasteful, or imperfect the breeding organization may appear 
to be, however, if it enables the population to maintain itself, it must be considered ade 
quate. That the present social setup is adequate is suggested by the steady growth of the 
fur seal population over the past 30 years. The population now appears to have become 


stable and any further increase does not appear imminent as long as the present system of 


management is maintained (Kenyon, Scheffer, and Chapman, ms.). It therefore becomes of 
interest to determine whether or not the maximum biotic potential of the species is cur 
rently being realized and this is merely to ask the question, “Is the maximum possible 
number of females being fertilized?’’ 
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The most satisfactory data for frequency of conception of female fur seals have been 
gathered by Wilke (Prelim. Study No. 67, Gen’l. Hdqtrs. Supreme Comm. Allied Powers, 
1951) who found that of 191 females four years old or older which were collected in March, 
April, and May of 1950 off the coast of Japan, 83 per cent were pregnant. It is not known 
how many of the non-pregnant 17 per cent failed to conceive because of inadequate service 
by the males, and how many were sterile or had aborted. From this group of 191 females, 
however, of the 96 females six to ten years old—presumably at the height of their reproduc- 
tive capacity—92 per cent were pregnant. This suggests that virtually all the females are 
served. Thus, it cannot be said that the social organization of the fur seal is reproductively 
inefficient despite the very large number of non-breeding males. Nor does it appear that 
the present rate of exploitation of the non-breeding males for commercial purposes is ex- 
cessive. Apparently the present policies of management allow a sufficient escapement of 
three- and four-year-old males so that the fertilization of females, at least in the six to 
ten year age classes, is virtually maximal. Pearson and Enders (1951, Anat. Rec., 111: 
695-712) present figures for reproductive failure in another population of fur seals collected 
in 1949 which are in agreement with this thesis 
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SUMMARY 

By observing marked individuals and by constructing a mathematical model 
based on daily censuses of all animals in the study area, the following parameters 
for the timing of the various activities of female fur seals were obtained: interval 
between arrival on the rookery and parturition, two days; interval between 
parturition and estrus, six days; departure for sea, one day after onset of estrus; 
duration of first trip to sea, five days; duration of second and subsequent trips 
to sea, eight days; duration of stay ashore between trips to sea, two days or less. 

The cows arrive at the rookery during a period of more than six weeks. Since 
the cows nurse only their own young, the pups go without food for as long as ten 
days while their mothers are at sea. 

The number of females held in a harem at any one time varied between one 
and 108. The ratio of breeding females to harem-maintaining males was 39:1, 
but the mean harem size was only 16 because half or fewer of the females were 
ashore at any one time. The size of a bull’s harem is more dependent on the 
location and topography of his territory than on his vigor. 

The female population in the rookery shows conspicuous short-term fluctua- 
tions caused by daily variations in weather. 

Duration of harem maintenance in the stable harems varied from 18 to 41 
days with a mean of 31 days. The shortest periods of harem maintenance were 
found in those harems which were most accessible to the sea. 

Female fur seals are highly gregarious and tend to join harems that are already 
established. Choice of harem appears to be without reference to the male. Males 
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which maintain territories close to the water acquire harems before males farther 
inland. 

Territory maintaining males that have no females frequently raid established 
harems, but such raiding is usually futile unless the male can accumulate four 
or five females. 

Harem bulls regularly search their harems for estrous females which they 
identify by smell. Typically, a female is copulated with only once during the 
breeding season. Early in the breeding season the copulation rate of harem bulls 
is adequate to serve all the females that come into estrus, but females arriving 
at the rookery late in the season are not adequately serviced by the harem bulls. 

The males do not appear capable of adequately servicing a harem of more 
than 100 females, but otherwise there appears to be no strong relationship be- 
tween fertilization efficiency and either harem size, duration of harem main- 
tenance, or date of beginning of harem maintenance. 

A male’s aggressiveness and sexual interest decline markedly at the end of 
his period of harem maintenance and a male’s departure from the rookery is 
often spontaneous. 

The high rate of pregnancy (92 per cent) of pelagically-taken females six to 
ten years old indicates that virtually all the females are impregnated despite the 
large number of non-breeding males. 
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REPRODUCTION AND AGE STRUCTURE OF A MONGOOSE 
POPULATION IN HAWAII 


By Ontver P. PEARSON AND Paut H. BALpwIn 


The order Carnivora is currently divided into ten families. The reproductive 
habits of members of six of these families have been worked out in some detail 
and are surprisingly different in separate families. In view of such diversity it 
seemed of interest to investigate the reproduction of the mongoose, a primitive 
carnivore of the family Viverridae (which includes also genets and civets), 4 
family about which little information on reproduction has been reported. 

During a year of biological investigations in Hawaii, one of us (Baldwin 
was able to collect a series of mongooses in each month. A report on their natural 
history has appeared elsewhere (Baldwin, Schwartz, and Schwartz, 1952). We 
are grateful to the committee on the Joseph Henry Fund of the National 
Academy of Sciences for support of this project and to Dr. and Mrs. Chester K 
Wentworth of Hawaii for the use of facilities in the field. 

Mongooses were introduced into the Hawaiian Islands from the West Indies 
in 1883. The stock originally came from India and, judging from our Hawaiian 
specimens, represents Herpestes auropunclatus auropunctatus. It not only has 
become firmly established on four of the eight Hawaiian Islands, but is extremely 


abundant in some regions where it occupies the ecologic niche of a small, ground- 


dwelling predator feeding mainly upon insects, rodents, birds, and some fruits. 
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Between September 22, 1948, and September 11, 1949, about 144 male and 
77 female mongooses were obtained, many in small steel traps but most in drop- 
door, live-traps baited with cooked meat (hotel scraps). Twenty-three captives 
were held under observation in cages for periods of a few days to four months. 
About a dozen males caught in February and not included in the total above 
were discarded without dissection, as were occasional males later in the year. 
Live mongooses were handled by means of narrow cones made from inch-mesh 
chicken wire 

The traps were ordinarily set in lines and spaced at intervals of one-tenth mile. 
The scarcity of catches of subadult mongooses suggests that the sample may not 
have been truly random. Possibly the aggressiveness of older individuals, es- 
pecially males, may have led to their capture more readily than the extremely 
young (yet one young male was found in a trap with the anxious mother tending 
it). Even when trap-lines were maintained for many days at a time, permitting 
many of the older ones to be removed from an area, young did not appear in the 
traps, hence the young may have been fed in the dens, or they may have foraged 
close to dens without ranging as far abroad as adults. 

Twelve individuals of various ages were marked by ear clippings and released, 
mostly at the field headquarters, for eventual recapture in connection with ageing 
studies. Three were caught a second time at the site of their release. The most 
useful animals for release would have been juveniles, but sufficient numbers 
were not available 

Specimens were dissected in the field by Baldwin, notes were taken, and ap- 
propriate ergans were preserved in Bouin’s fluid or, in the case of skeletal 
material, by drying. Further examination of these and of histologic preparations 


+ 


vas then carried out in the laboratory, primarily by Pearson 


AGE CLASSES 


In anticipation of being able to determine tl 


e age of specimens, skulls, humeri, and 


bacula were saved. Skulls proved to be the most useful and were employed as described 
below. Although we expected that differences in diet might cause great variation in rate of 


of the teeth, the fact that tooth wear was almost the same in all specimens at a certain 





stage of suture closure encouraged us to rely heavily on tooth wear when estimating the age 
ol specimens 

lhe male type series.—After a preliminary survey of the 136 skulls of males, four skulls 
were picked out that differed by easily-recognizable differences in degree of closure of 


sutures, development of sagittal crest, and extent of tooth wear. Greatest reliance was 
placed on tooth wear. These four skulls were designated ty pes tor age classes 2, 4, 6, and 8, 
ind have the following characteristics 
Class 2.—Adult dentition; all teeth unworn, cusps sharp. No sagittal crest. Frontal- 
parietal suture distinct, palatal suture visible in midline of posterior region of palate 
Bones not rugose, skull light 

Class 4.—All teeth slightly worn, three cusps on M' rounded but distinct. Canines sharp 
Small sagittal crest. Frontal-parietal and palatal sutures still visible. 

Class 6.—All teeth sound but much worn, no cusps on M', canines blunt. Sagittal crest 
well developed. Frontal-parietal and palatal sutures obliterated. Palate rugose. 

Class 8.—All teeth so badly worn, broken, or missing as to be practically useless. Other 
characters as in class 6 


It was then possible to assign any skull to one of these classes or to intermediate classes 
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3, 5, and 7 by comparison with the type series. Skulls in which milk teeth were still present 
were placed in class 1. 

Actual age of males.—In the absence of returns from males marked when very young, it 
has been necessary to use the following indirect method of equating age classes with actual 
chronological age. Since most mongooses are born either near the middle of April or near the 
end of July (Fig. 6), one may assume when examining the skull of a specimen taken in 
August that it is either newborn, about 34% months old, or more than one year old. There is 
no difficulty in telling these three age groups apart, and thus one can establish with reason- 
able certainty what the skull of a 344-month-old mongoose looks like. Similarly, a skull 
from early in November must be either 314, 64%, or 154% or more months old. If the skull 
looks slightly older than the known 3'4-month specimen, then it must be 64% months old 
By making use of every specimen in this fashion and working from the youngest groups to 
the oldest, we have been able to match our age classes with calendar age in, we feel, a 
fairly accurate manner. The accuracy probably diminishes in the older age groups as one 
recedes from the probable birth date. The relationship between classes and actual age is 
illustrated in Figure 1 
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termined by examination of skulls. For method of constructing the curves, see text 

Actual age of females —The skulls of 74 females were sorted into eight age classes b 
comparison with the four type male skulls. Certain differences became apparent. In most 
females the frontal-parietal suture disappears between age classes 2 and 3, judging b 
toothwear, while in most males it does not disappear until between classes 4 and 5. Th 
epiphysis at the head of the humerus also fuses at these times, respectively, in the two 
sexes. Furthermore, when actual ages of the females are calculated by the method explained 
above for the males, it is found that a female of class 2 is eight months old, whereas a male 
of class 2 is only six months old. At class 3 the females are 13 months old while the males 
are only ten. These differences, illustrated in Figure 1, mean that the teeth of the males 
wear more rapidly than those of the females, and that the frontal-parietal and humeral 
sutures close earlier in life in the females (11 months) than in the males (19 months 

A frequency distribution of age classes of males and females (Fig. 2) reveals further in- 
teresting differences between the two sexes. The males fall into a rather orderly distribution 
with the mode at class 6 (31 months) and the mean at class 5.20 (25 months). The mode for 
the females is at classes 5 and 6 (26-36 months) and the mean at class 4.36 (22 months 
This means that the female population averaged slightly younger than the male population 
This is partly due to the surprisingly large proportion of females in class 2, but also to th 
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scarcity of females in classes 7 and 8. Actually, the large number of old males is noteworthy 

rather than the scarcity of old females. Ten per cent of the males fall into class 8, which 
t may be described as practically toothless. In most of these the incisors are completely gone, 
l the canines mere stumps, and, in many, the molar surfaces have worn completely away 


leaving three small pegs, the roots, which scarcely could have protruded above the gums. 
In one specimen of normal weight, the only teeth on one side of the upper jaw were the 


} 
> 


1e, which projected less than 3 mm. from the bone, and the peg-like root of the second 





| canil 
. molar, which projected less than 14 mm. Conditions on the other side of the jaw were little 
] better. The survival of so many aged individuals in a wild population is remarkable 
Comparison of the age structure of the mongoose population with that of a population of 
mountain viscachas (a species of approximately similar size and about which age char- 
") acteristics are known) reveals great differences. The mountain viscacha has a yearly re- 


product ion potential about 


ialf that of the mongoose, and the young, unlike those of mon 


| 
I 
are precocial at birth. About half of a population of viscachas is less than one year 


e gooses 
8 old (Pearson, 1948), whereas among our sample of mongooses, despite their higher re 


production potential, about three-quarters of the individuals are over one year of age. This 


situation suggests either an absence of young mongooses due to faulty sampling of the 
g 1 pling 
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AGE CLASS 
> Fic. 2.—Percentage of males and females in each age class. Fie. 3 (RicH1 Baculum of 
‘ 4 lult male. 3.2 x 

populatior relatively high mortality of the altricial young of the mongoose compared to 
| the viscacha, or unusual longevity of aged mongooses (possibly a result of scarcity of 

competitors or ol predators in the Hawaiian Islands 

THE MALE 

The anatomy of the male reproductive tract is not unusual. The testes are of a size and 
v1 proportion found in other carnivores of similar body size. In adults the testes are scrotal 
od and cannot be pushed back into the body cavity. Even in a six-ounce male about two 


months old they were in the scrotum and could not be retracted. Seasonal fluctuations in 





stis size 


ire outlined below. The penis is laterally compressed, the urethra opening by a 


longitudinal 3-mm. slit along the postero-ventral edge. The penis is supported by a baculum 


es 
| shaped like a claw (Fig. 3), the sides of which fold down and have a considerable depth so 
that the urethra is almost completely surrounded by bone. There is frequently a notch in 

the ventral margin of each side or, as in the illustration, a foramen on each side. In adults, 

or the baculum reaches a length of 12 mm. and a depth of 5 mm. A young individual approxi- 


mately 2 months old had a baculum 3 mm. long, and another individual less than three 


six and 20 months of age. 


Oo 
g | months old had a slender baculum 6 mm. long. It reaches adult size at some time between 
\s in many other carnivores, seminal vesicles are lacking. The prostates, conspicuous 
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glandular bodies lying on both sides of the urethra between the base of the bladder and the 
anterior edge of the pubic symphysis, open into the urethra by three pairs of short ducts. A 
slight seasonal fluctuation in size is described below. 

About 2 em. posterior to the prostate glands, and immediately posterior to the crus 
penis, lie the bulbo-urethral glands. Each of the two glands is heavily invested by muscle so 
that it appears as a muscular ovoid, about 15 by 9 mm. in adults. Each gland opens into the 
urethra by a single short duct at the base of the penis 

As in other species of mongooses, the anus is surrounded by a hairless pouch of skin. 
A gland on each side of the anus opens by a short duct into the side of the pouch. One of 
the anal glands of an old male, on September 11, measured 8 x 7 x 5 mm. 
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Fic. 4.—Seasonal change in the length of the left testis of adult males of age class 
older. The line connects average values for different periods To obtain samples larg 
enough to yield meaningful averages, the measurements were grouped as follows: October 


November, December-January, February, March, April-June, July, August-Septembe 


Seasonal cycle of the testi Testes of a voung male between one and two months old wer 


8 mm. long. These were the smallest encountered. Testes of young of both the first and 


second litter grow throughout the summer and autumn, and soon display considera 


mitotic activity. The testes of a second-litter male on September 28 contained a few spe! 

matogonial divisions, but nothing more advanced than primary spermatocytes. This 
individual had testes 11 mm. long and was about two months old. A first-litter male abou 
314 months old on July 30 had testes 12.1 mm. long that contained many early prophases but 
no stages beyond primary spermatocytes. Another first-litter male about four months ol 

on August 21 had testes 14.5 mm. long that contained all stages of spermatogenesis and 
spermiogenesis, including spermatozoa. In other words this first-litter male with testes 
14.5 mm. long was becoming sexually mature at about four months of age despite the fact 
that no females would be ready to mate until the next spring some six months later. All 
males with testes larger than 13 mm. contained spermatozoa. The smallest testis containing 
spermatozoa measured 10.5 mm., and was from a young male taken on January 12. Onl 


few spermatozoa or advanced spermatids were present 


Once the testes of young males have become mature in late summer or in the autumn, 


they contain spermatozoa and all stages of spermatogenesis for the rest of the life of th 
individual (Fig. 5). All testes that were examined of males ten months (age class 3) or mort 
old were in active spermatogenesis, including those of an old individual of age class 8 


testes ol 


Despite this ability to produce spermatozoa in every month of the year, the 
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adults undergo a slight but definite seasonal fluctuation in size. Figure 4 illustrates this 
cycle using testis size of 114 adult males more than a year old (age class 4 or older). Maxi- 
mum size is reached in February and March at the beginning of the breeding season. The 

miniferous tubules are larger in diameter at this time and contain more spermatozoa than 
in the autumn. Moreover, the epididymis is smaller in the autumn, so it is likely that 
fertility of males is reduced at this season. A male gonadal cycle of this kind, combining 


size fluctuation with continual spermatogenesis, has seldom been reported among wild 
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> (Tor Age structure of the male population throughout the year, and condition 
the testis. Measurements given are lengths of the left testis. Fic. 6 (Borron A graphic 


synopsis of the reproduction and of the age structure of : popul ition of mongooses through- 
out the year. Each circle represents a single female The sloping stippled bands f acilitate 
following the maturation of the spring and summer litters until about two years of age 
males were judged parous on the basis of size and condition of uteri and nipples 


Growth and seasonal cycle 0; the prostate gland Size of the prostates was recorded for 
only a portion of the specimens. The giands were exposed by pulling the bladder ventrally 
caudally; the measurement taken was the distance transversely across both glands. 
The smallest gland measured was 5.5 mm. This was on October 7 in a male about 5!4 months 
oid with 11.2 mm. testes Spermatogs nesis had proceeded to the primary spermatocyte 
stage. Another male, somewhat younger, had 8 mm. prostates on July 30 associated with 
mm. testes containing secondary spermatocytes. A third male about 534 months old on 
January 12 still had small prostates 6 mm. across, although the testes contained a few 
spermatozoa. Other young males in late January and February had prostates 12.7 to 14.5 


mm. across, which is as large as in adults. It is concluded that the testes and prostates of 
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young males become functional in the first spring following their birth, although there seems 
to be considerable variation in the rapidity of development of these organs in different 
young males. Possibly those of first-litter males develop disproportionately early 

A slight annual fluctuation in size of the prostate of adults was found, reaching, as in the 
case of the testes, full size in the spring (as large as 17 mm. but more usually 13 to 15 mm 
and reaching a minimum in the autumn (9 to 12 mm.). Testes larger than 20 mm. were 
usually associated with large prostates (more than 12 mm 


THE FEMALI 


The female reproductive organs are similar in most respects to those of other carnivores 
of similar size, such as the mink and ferret, but differ in several details. The uterus is 
bipartite, with horns usually 20 to 30 mm. long in non-pregnant adults. The corpus uteri, 
measured externally from the union of the two cornua to the level of the os cervix at the 
base of the bladder, is from 15 to 40 mm. long, depending upon the reproductive state of the 
female. The lumen of the corpus uteri is divided by a longitudinal partition for its anterior 
few millimeters, but for most of its length there is a common canal through which cleaving 
ova can pass from one uterine horn to the other. 

Between the beginning of proestrum and implantation of the embryo, the uterine horns 
become swollen and turgid throughout their length, reaching a diameter of as much as 6 
mm. in specimens with cleaving ova in the oviducts or with early blastocysts in the uterus 
The increase in uterine size results from hypertrophy of the uterine glands and myometrium 
rather than from an accumulation of fluid. After parturition, implantation sites remain 
visible for weeks or months in many, but not all, females. Such implantation scars were 
visible as late as January 16, which is at least four months after parturition. In parous 
females the uterus is usually thicker than in immature females 

The most unusual features of the reproductive tract are the extreme length of the ovi 
ducts and ovarian ligaments. The ovary is usually situated considerably anterior to the 
cephalic end of the uterus. This displacement results in such an elongation of the strap-like 
ovarian ligament, from the hilum of the ovary to the uterus, that the ligament is some- 
times more than half as long as the uterine horn. The oviducts likewise have become elor 
gated. They course from the uterus along one side of the ovary to a point slightly anterior to 
the ovary, then bend abruptly caudad before flaring to form a fimbriated ostium. In most 
specimens the oviduct is remarkably free of convolutions and sharp bends; sometimes the 
oviduct is longer than the uterine horn. The ovary is almost completely encapsulated in a 
membranous bursa in which the oviduct lies 

The ovaries are relatively small. Among a dozen specimens the range of ovarian weight 
was from 6 mg., for one ovary of a parous female caught in May, to 31 mg., for one of a 
pregnant female in March. Right ovaries averaged as heavy as left 

Bartholin’s glands are quite large in some specimens, but they were not usually ex 
amined. In a specimen in early pregnancy on February 26 


they showed conspicuousl) 
through the skin lateral and posterior to the vulva, and were larger than the anal glands 
In a female in late pregnancy they measured 8 mm. in diameter 

Vaginal smears of two caged mongooses were taken daily, with occasional omission of a 
few days. These females were captured February 21 and 22, and the smears were made from 
April 19 until June 28. Neither animal mated during captivity. No smears of predominantly 
cornified cells were obtained, although a few cornified cells appeared occasionally. Most 
smears were dominated by leucocytes, with lesser numbers of nucleated epithelial cells 
In one of the females, however, the smear contained primarily nucleated epithelial cells 
from May 10 to 14 and again from May 30 to June 4. In the other females, smears dominated 
by nucleated epithelial cells appeared from May 10 to 16 and from June 22 to 25. On July 
3 the ovaries of this animal contained follicles up to 850 micra in diameter, but no corpora 
lutea. If the smears of nucleated epithelial cells represent periods of estrus or proestrum, 
then the absence of corpora lutea in the ovaries of both of these females when they were 
sacrificed suggests that ovulation does not occur in the absence of the male. It remains to be 
proven, however, that these females would have ovulated if allowed to copulate 
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The vulvar tissue increases in size and becomes puffy at the beginning of the breeding 
season. In a female that had recently ovulated the vulvar opening was more relaxed on 
March 27 than in winter specimens, the clitoris was more prominent, and the vulva, which 
measured 12 mm. across, was more turgid and brighter pink. The vulva of a mid-pregnant 
and of a recently pregnant, lactating female were also more swollen than in winter speci- 
mens 

The season of reproduction.—In India, Herpestes auropunctatus auropunctatus is reported 
to have given birth to young on August 21 (Pocock, 1941, quoting Powell), August 23, April 
14, and July 9 (Prater, 1936). In Hawaii, Walker (1948) states that only during the autumn 
and winter months of October, November, and December are young entirely absent. In our 
series of specimens the breeding season, as delimited by the presence of pregnant females 

Fig. 6), extends from February 22 (a specimen with unimplanted uterine embryo) to July 
23. The specimen on July 23 contained a cleaving ovum in its oviduct, so if this pregnancy 
had continued to term the breeding season would have extended until early in September. 
Since fertile males are present in all months, the limits of the breeding season are deter 
mined by the females 

From inspection of Figure 6 it appears that each adult female has two litters per year. 
This conclusion is reached because almost every adult female is pregnant or lactating in 
March and April and also in June and July. The usual birthdate for the first litter appears 


+ 


o be in April, and for the second litter, in July. Ovaries examined at various times in 
the period of lactation contained no corpora lutea or ripe follicles, so the second estrus 


must be post-lactational rather than post-partum. One female, caught June 10, had re 


cently experienced post-lactational heat, for she had considerable development of the 





mammary tissue, as well as new corpora lutea and embryos about to become implanted in 
the uterus 

Some of the yearlings experience their first estrus so late in the spring that it is probable 
that many of them bear only one litter in their first season 

Age of maturity of females.—Inspection of Figure 6 reveals that one female of age class 
2 was pregnant in June. She probably mated at about nine months of age. Other females of 
age class 2 taken in March, April, and May had active ovaries with fairly large follicles; 
presumably these females would have become pregnant by the time they were a year old. 
Six females of age class 3 were pregnant or parous, and all older than this were pregnant or 
parous. We conclude that all females mate in the next spring after their birth. From the 
distribution of points in Figure 6 it appears that young females, especially those born in the 
second litters of the preceding season, mate later in the spring than do adults. There is no 
evidence of reproductive failure in extremely old individuals 

Growth of follicles —The largest healthy follicles in ovaries collected outside of the 
breeding season are less than 0.78 mm. in diameter. At estrus, follicles enlarge to as much 
as 1.4mm. and probably more. Immediately following ovulation, as illustrated by a speci- 
men containing a six-celled tubal ovum, the largest follicles are about 1.0 mm. in diameter, 
but these become atretic so rapidly that frequently by the time a definite implantation 
swelling is discernible in the uterus no follicles larger than 0.5 mm. remain. Lactating fe 
males contain follicles as large as 0.9 mm., but there is considerable variation depending 
upon the stage of lactation and upon whether a post-lactational estrus is approaching. 


The ripe follicles are visible as clear blisters that protrude only slightly from the surface of 
the ovary. In histologic sections they are similar to follicles of ferrets and mink 

Within fresh ovaries may be seen numerous bright yellow refractive specks that probably 
represent old atretic follicles. The zona pellucida of the ovum in such follicles persists for a 
long time 

In the absence of controlled matings of captive mongooses, proof of whether ovulation is 
spontaneous or is induced by copulation is lacking. However, the histories of the four 
females kept for a considerable time in captivity are pertinent. These were kept from Febru 
ary 21 to July 9, April 27 to June 24, May 16 to July 9, and February 22 to July 3. On occasion, 
males were enclosed for a few hours at different times of day with certain of these females, but 


matings never took place, perhaps because of lack of receptivity of the females due to the 
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phase of the estrous cycle, or perhaps because of the artificiality of the situation. In the 
case of one female, several males were placed, one at a time, in the cage with her for over 
night periods or longer between March 28 and April 9; later in April, males were again 
placed in her cage. There is no indication that copulation occurred. Difficulty was en 
countered in determining heat from external signs, and this may have been mainly re 
sponsible for the failure of mating experiments. When killed, these caged females had 
numerous healthy ovarian follicles up to 1.1, 1.4, 1.0, and 0.9 mm. in diameter, respectively 
In every case the ovaries were obviously active, in some cases the ovarian blood vessels 
and lymphatics were engorged, yet no corpora lutea were present. One must conclude either 
that the conditions of captivity were not conducive to spontaneous ovulation (and the 
vigorous appearance of these ovaries makes this seem doubtful), or that ovulation must be 
induced by copulation, which was not provided. A certain amount of vaginal stimulatio1 
must have occurred when vaginal smears were obtained by the pipette method, but ap 
parently this was inadequate to induce ovulation 

Life history of the corpus luteum.—Upon ovulation the follicle collapses but fills out again 
almost immediately. A small stigma is usually visible macroscopically at this time. Ths 
antrum of the growing corpus luteum is filled in by luteal cells to form a solid organ at 
about the time that the embryo attaches to the uterus. By the time a localized uterin 
swelling is visible, the corpora lutea are becoming yellow (as seen in fresh ovaries), and havs 
filled out to about 2 mm. in diameter. Later in pregnancy they reach nearly 3 mm. Re 
gression of the corpora is rapid at the end of pregnancy, for in a post-partum female that 
judging from the condition of the uterus and mammary glands, must have given birth a few 
hours before she was trapped, the luteal cells were obviously degenerate and the corpora 
measured only 0.75 mm. in diameter. In sectioned ovaries of other lactating females, th 
corpora have either totally disappeared or are represented by mere traces of old luteal 
tissue. Such old corpora lutea can frequently be recognized as discrete yellow discolorations 
in fresh ovaries by examination with a hand lens 

Duration of pregnancy.—lIn the absence of births among captive females, it is necessary 
to estimate the duration of gestation from the elapsed time between the capture of thi 
first pregnant and the first lactating specimens. Inspection of Figure 6 reveals that th 
first pregnancies appear at about the end of February and lactation at about the third wee 
of April. This span of seven weeks is the most reliable estimate of pregnancy that we have 
been able to glean from our data. Pocock (1941, quoting Powell) records a gestation of 43 
days for a mongoose of this subspecies in India, and Prater (1936) records a pregnanc 
lasting seven weeks 

A rough indication of the rate of development of the embryo at different stages is giver 
by the number of specimens taken at each stage. The distribution is as follows: segmenting 
ova in oviducts, two specimens; early embryos in uterus but not yet implanted, four; post 
implantation stages, nine 

Relaration of the pelvis-—A cycle of ossification of the pubic symphysis to facilitate 
parturition has been found in several kinds of mammals. The pubic symphysis of two mal 
mongooses of age classes 6 and 7 killed in September was ossified for part of its lengtl 
In a younger male (age class 4), on September 23, the two innominate bones, during cleat 
ing, separated without fracture along the pubic symphysis, leaving smooth, undulating 
surfaces. This symphysis obviously was not ossified 

Among females the pubic symphysis may or may not be ossified, depending upon ag 
and reproductive condition. In a parous female slightly more than a year old (age class 3 
on September 28, the symphysis was unossified. In two older females (age classes 5 and 6 
near the end of lactation on this date, the symphysis was partly ossified. As in males, ossi 
fication was more obvious on the inner aspect, especially at the anterior end. The ilio-sacral 
joint appeared to be unossified. In a late-pregnant female of age 6 (fetuses 98 to 101 mm 
from nose to tip of tail), the pubic symphysis was distinct and completely unossified. Field 
notes state that the pubic symphysis of this animal was loose and relaxed at the time ol 
dissection. In another female carrying slightly smaller fetuses the symphysis was sti 
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bony. It is concluded that in males ossification of the suture probably occurs between age 
classes 4 and 6, that it occurs after age 3 in females, that in older females the bony union 
between the two sides of the pelvis is resorbed and replaced by fibrous or cartilaginous 
tissue during pregnancy, and that bone is again deposited before the end of lactation. 

Lactation.—There are three pairs of abdominal nipples, all of which undergo size changes 
during the reproductive cycle. The posterior pair is almost always the largest. The posterior 
nipples of young, non-parous females are very small through the autumn and winter, usually 
1 mm. or less long. In adults at this time they are usually 1.5 mm. or longer. The nipples 
do not enlarge appreciably until pregnancy is well established. The nipples of one female 
with embryos 20 mm. Crown-Rump had begun to swell and had become pink, as in several 
other pregnant mongooses. At the height of lactation, nipples may reach a length of 6 mm. 
Sometimes milk can be squeezed from all three pairs of nipples, while in other specimens the 
anterior and middle pairs may be dry or may yield only a cheesy substance. The small size 
of the anterior pair may be correlated with lack of need due to the small average size of 
litters. At the height of lactation the mammary tissue forms a subcutaneous blanket about 
6 mm. thick 

The approximate duration of nursing has been estimated by a method similar to that for 


ating duration of pregnancy. The first lactating females were caught near the end of 





April, and the first parous females no longer lactating appeared at the end of May. This 
suggests a nursing period lasting four weeks, but it must be admitted that scarcity of 
specimens and the difficulty of deciding whether nursing has ceased make this figure un 
reliable. Another method of estimating the length of the lactation period is as follows. The 
verage birthdates of the two litters are about the third week of April and the fourth week 
of July, 13 weeks apart. If post-lactation estrus and pregnancy begin a week after lactation 
ceases, as in the ferret, and if pregnancy lasts seven weeks, then a period of five weeks re 





mains for lactation. Judging from capture of a lactating female and a young male in front 
of the same den, the young nurse until t] weigh at least six ounces and have a length 
head and body) of at least 200 mm 

Fecundity.—In India Herpestes auropunctatus auropunctatus has produced litters of three 
Pocock, 1941, quoting Powell), two, two, and three (Prater, 1936). In Hawaii, Walker 


1948) reports that there are usually two young to a litter, and that, of several score of 
amily groups observed, only one female was seen with triplets. Bryan (1908) writes that he 
found a female mongoose with a flourishing family of five young in a hole that it had ap- 
propriated from a nesting Hawaiian dark-rumped petrel (Pterodroma phaeopygia sand 
wichensis) on Molokai. Among nine females in our series the number of macroscopically 
distinct uterine swellings varied from two to four with an average of 2.7. Thirteen of these 
fetuses were in the right horn and 11 in the left, never more than two per horn. Judging by 
number of implantation scars, a less reliable method but one for which more cases are 
available, the average number of implantations in 19 females with especially distinct scars 
was 2.4; the range was from two to four. When the average number of scars for a larger 
series of females (35 individuals), including those with scars of more indistinct character 
and hence of more uncertain number) was calculated, the average was also 2.4 scars per 
per female with a 





female. A count of corpora lutea in 16 females revealed an average of 2.7 
range from one to four, in no case more than three in one ovary. Ovulation was as frequent 

right as in left ovaries 

To reveal some of the loss of ova following ovulation a comparison was made of the 
number of fetuses and corpora lutea in the same individuals. This comparison revealed that 
24 ruptured follicles resulted in 21 macroscopically visible uterine swellings, or a loss of 12 
per cent of the ova shed. It also disclosed that ova from one ovary frequently cross over and 
become implanted in the opposite uterine horn 

Thirty-one females in our collection were either pregnant, or were lactating and possessed 
clear implantation scars. In other words, each of 31 females was without doubt experiencing 
a fertile reproductive cycle. In contrast, only one female was discovered that had ovulated 
but was not known to be pregnant or lactating. This specimen had a single young corpus 
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luteum, and uterine horns similar to those of other specimens with pre-implantation em 
bryos. No ovum or embryo was found in serial sections of the oviducts and uteri. She may 
therefore, represent the only case of pseudopregnancy among 32 specimens in which this 


possibility existed, or she may actually have been a pregnant female in which the single 


fertilized ovum escaped detection 

Vost-implantation mortality does not seem to be great, for no fetuses were being resorbed 
in the nine females with macroscopically visible embryos. However, a female caught on 
April 29 and kept in a cage until her death on May 14 had resorbed her two fetuses 

Discu n.—Upon comparison with the reproductive cycle of other Carnivora, the cycle 
of the female mongoose resembles that of the ferret most closely The two animals ar 
similar in such basic features as: reproduction in spring and summer, production of more 
than one litter per year, maturation of males and females in their first year, lack of post 
partum estrus and lack of corpora lutea of lactation, short gestation with prompt implant 
tion of the blastocysts, and, probably, induced ovulation. The mongoose cycle is unsp 


} 
} 


cialized, conservative, perhaps primitive. It lacks the unusual specializations of some oth 


carnivores, such as superfetation (mink), delayed implantation (fur seal and many Mus 


telidae), ovulation of primary oocytes (dog and fox), and masculinization of exterr 

genitalia of females and dominance of one ovary at ovulation (hyena). The male mongoo 

differs from the male ferret in having continual spermatogenesis throughout the 
Although information on Herpestes auropunctatus in its native region is meager 


pears that with respect to breeding season, litter size, and gestation period, the behavior of 


this mongoose in India and in Hawaii is similar 


SUMMARY 


Two hundred and twenty-one mongoose Herp stes auropunctatus auropur 


tatus) were trapped during a single year from the Island of Hawaii 


Relative ages of specimens were determined, using as criteria the degree of 
closure of sutures, development of sagittal crest, and extent of tooth wear. Actua 


ages of specimens were estimated by correlating skull age with the probable birth 
date; this procedure was possible because most mongooses are born either nea 
the middle of April or near the end of July. The teeth of males wear more rapidly 
than those of females, but the frontal-parietal sutures close earlier in life i 
the females (11 months) than in the males (19 months 


The mean age of 136 males was 25 months, whereas the mean age of 75 female 
was 22 months. Tooth wear in 10 per cent of all males had progressed to th 
point where the grinding surfaces of most molars were completely gone, th 
canines were mere stumps, and the incisors had disappeared. About three quartet! 
of all individuals trapped were over one year of age. However, it is possible tha 
the very young were not adequately represented in the sample. 

The male reproductive tract is typical of small carnivores. The testes produc 
spermatozoa as early as four months after birth, though breeding would neces- 
sarily be postponed until the following spring for lack of estrous females. Spern 
production, once initiated, is continuous throughout life; nevertheless, teste 
and sex accessories of adults are slightly larger in spring than in autumn 

The female reproductive organs resemble those of the mink and ferret, wit! 
differences in details. The ovaries are situated considerably anterior to th 
cephalic end of the uterus. Cleaving ova sometimes pass from one uterine hor! 
to the other. After parturition, implantation scars may remain visible as long as 
four months 
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Vaginal smear pictures from isolated captive females plus the failure of corpora 
lutea to appear in non-mated captives suggest that ovulation does not occur in 
the absence of copulation. Corpora lutea reach maximum size in mid-pregnancy; 
regression is rapid at the end of pregnancy, and in lactating females mere traces 
of luteal tissue remain. 

Early-pregnant females were taken from late February to late July, indicating 
that the breeding season, as delimited by the presence of pregnant females, 
extended into September. Females may bear two litters per year; the second 
estrus is post-lactational. One young female had mated at about nine months of 
age. All females mate in the next spring after birth. 

The estimated duration of pregnancy is seven weeks. 

In adult females, the bony symphysis pubis is resorbed during pregnancy, 
and bone is again deposited, reuniting the svmphvsis, before the end of lactation. 
There are three pairs of abdominal nipples; the posterior pair is usually the 
irgest 


The number of fetuses in nine females varied from two to four, and averaged 


2.7; the number of implantation scars in 17 females ranged from two to four, and 


} 
veraged 


2.4. In 16 females the number of corpora lutea ranged from one to four, 
and averaged 2.7. Twelve per cent of ova shed were lost. Post-implantation 
mortality seems to be slight. 

The reproductive cycle of the mongoose in Hawaii resembles that of the ferret 
most closely among animals whose reproductive characteristics are well known. 


The mongoose cycle lacks various specializations seen in other carnivores. and 


perhap is nrimitive 
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HOME RANGE, TERRITORIALITY, AND POPULATIONS OF THE timé 
CHIPMUNK IN CENTRAL NEW YORK wert 

By Ratpa W. YERGER = 

line 

In recent years many investigators have studied the behavior of animals unde: aga 
natural conditions. Although our knowledge of home range and territoriality Sut 
among many species of mammals is steadily increasing, more studies are needed | asf 
from different localities within the range of any particular species. Results of mo 
such investigations will contribute to our knowledge and understanding of popu- hac 
lation dynamics. in 
The chipmunk is widely distributed throughout the eastern United States, die 


yet in spite of its abundance it has been neglected to a large extent by mam- 
malogists, and we are familiar only with the general aspects of its life history. 
The purpose of this investigation was to determine the size of the home range 


of the eastern chipmunk, Tamias striatus lysteri (Richardson), in central New th 
York, and to study the role that territoriality plays in its behavior pattern mi 
Additional contributions to the life history of the chipmunk were obtained 
incidentally, and will be discussed elsewhere. m 
Field work was conducted from June 14 to November 13, 1949, and from of 
March 25 to July 15, 1950, around the shores of Beebe Lake, on the Cornell st 
University Campus at Ithaca, New York. This artificial lake (elevation 870 t¢ 
feet) occupies the basin of an excavated interglacial gorge, and has been formed ; @ 
by impounding the waters of Fall Creek which have cut a postglacial channel si 
across this Pleistocene feature. The slopes that border the lake are moderately g 


steep, rising, on the average, 50 feet in a distance of 100 feet, and in some places 
are even more abrupt. The second growth woodlands belong to the maple-beech 
association, with oaks, hickories, and hemlocks also present in some numbers 7 
Rock piles, stumps, logs, brushy cover, and abundant food supplies combiné t 
to form ideal chipmunk habitat. The most favorable areas for study were ot 1 
the north and south shores, and comprised a total of 11.1 acres. The woods sur- | 
rounding the lake were sharply set off from open grassy areas and campus in- 
stallations. 
Other mammals trapped or observed on the study area included Sorex cinereu 
cinereus, Blarina brevicauda talpoides, Mustela erminea cicognani, Mustela 
frenata noveboracensis, Tamiasciurus hudsonicus loquax, Sciurus carolinensis leu 
cotis, Glaucomys volans volans, Peromyscus leucopus noveboracensis, Microtus 
pennsylvanicus pennsylvanicus, and Sylvilagus floridanus mearnsi. 
Methods.—Chipmunks were captured solely by live-trapping. In 1949, small- 
sized Sherman traps proved satisfactory for young animals, but adults frequently 
ate all of the bait from the trap and evaded capture. Several larger Shermai 
traps were more successful. In 1950, a hardware cloth trap with inside dimen- 
sions of 834” x 246” x 214” was used with much greater success. This type was 
operated by a large treadle that, when depressed, allowed the door to swing 
shut by gravity. It also provided complete ventilation, a decided advantag: 
during hot weather when animals confined in Sherman traps for any length of 
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time suffered if the trap was exposed to the direct rays of the sun. The traps 
were placed in shaded sites whenever possible and protected only by a few dry 
leaves thrown over the top. No nesting material was used at any time. Trap 
lines were set in the early morning and checked twice a day, once at noon and 
again at sundown after the chipmunks had retired to their burrows for the night. 
Sunflower seeds were the most satisfactory bait. Trap mortality was negligible 
as far as chipmunks were concerned. Six chipmunks taken from the traps during 
morning checks were in a much weakened condition. In each case, the animal 
had been captured and released the previous evening, then had reentered a trap 
n which it spent the night without any protection. Only one of these animals 
lied from the exposure 
The widely used method of placing traps in a grid pattern was not followed 
this study. In the first place, the steep slopes and embankments on the area 
e poorly suited for the employment of this method. Secondly, it was believed 
that a more complete knowledge of the individual’s home range could be deter- 
mined by changing the trap locations with each new trap line. Finally, the data 





vecumulated from trap captures were to be supplemented with observations of 
marked animals. The use of grid-trapping techniques in home range studies is 
of doubtful value in view of several recent studies. Hayne (1950) has demon- 
strated that the size of the home range in Microtus p. pennsylvanicus is related 
to the distance used between traps. He concludes that the home range of an 
animal probably cannot be determined by setting traps in a grid pattern. In his 
study of Citellus tridecemlineatus in Michigan, Evans (1951) discovered that 
grid trapping was far less effective than burrow trapping when he attempted to 
apture and mark all the individuals in a population 

Trap lines of from 30 to 50 traps covered an area two to three acres in size. 
Traps were placed in irregularly parallel lines, and from 15 to 80 feet apart. In 
those areas where chipmunks were especially abundant, traps were placed closer 
together in order to capture as many animals as quickly as possible. Stumps, 
logs, nut trees, burrow entrances, and other favorable sites were selected for trap 
locations, but the areas in between these sites were not neglected. Trap lines were 
left in position for three days, generally, then reset in another area. In this 
manner, each portion of the study area was retrapped at intervals throughout 
the season of chipmunk activity 

Additional records on the extent of home ranges and on movements and 
behavior of marked animals were obtained by many hours of observation in the 
field with the aid of eight-power binoculars. All of the information relating to 
territoriality was secured in this manner. 

Each chipmunk was permanently marked by a combination of clipped toes 
and ears. The toes on the front feet were numbered from one to eight, while 
those on the hind feet were numbered in tens from ten to one hundred. One 
series of 109 animals was marked by toe clippings only; a second series (desig- 
nated the RE series) was marked in the same manner, but, in addition, the top 
half of the right ear was cut off; a third series (LE) utilized the same toe marks 
and the top of the left ear. Marking was done at the point of capture without 
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the use of anesthetic, and resulted in no infections and little discomfort to the 
animal. A total of 218 chipmunks was marked during the course of the study. 

To make it possible to identify an individual chipmunk by observation from 
a distance, a system of visual marks was developed. Initially, various kinds of 
colored lacquers, enamels, and textile dyes were used, but none of these color 
marks persisted longer than ten days to two weeks. The only successful method 
was to clip patches of fur from various parts of the body or tail. By cutting off 
the distal portion of the hairs, the dark basal portions formed a distinctive dark 
patch. These markings included the nape, middle of back, rump, shoulders 
flanks, hind legs, and various tail marks. Using these marks singly or in combina- 
tions, all the animals in one series could be differentiated from each other. Since 
the clipped ear of the RE and LE series could easily be seen as a field mark, the 
same combinations of fur clippings could be used for each of the three series. 
These markings were obliterated when the animal molted, and the chipmunk 
had to be recaptured and re-marked. Nevertheless these marks persisted over a 
longer period of time than any of the colored marks that were attempted. With 
eight-power binoculars, an observer can readily identify an individual chipmunk 
with certainty at distances up to 50 feet, or even farther under favorable light 
conditions. All doubtful identifications were discarded and not included in the 
records. 

At the time of initial capture, the number of the animal, sex, markings used, 
approximate age, breeding condition, stage of molt, and exact point of capture 
were recorded. This information was later transferred to permanent records 
Upon subsequent captures and observations, similar data were added to these 
case-history sheets, one for each marked animal. A separate map for each indi 
vidual was used in plotting the home range as determined by trapping records 
and observations 


HOME RANGE 





Burt (1943) has defined home range as ‘“‘that area traversed by the individual in its 
normal activities of food gathering, mating, and caring for young.’’ The desirability of 
differentiating weekly home range from monthly, seasonal, or yearly home range has beet 
stressed by Mohr (1943, 1947) who summarized about 120 titles which deal with populatior 
densities and home ranges of 60 species of North American small mammals. However, onl 
few of these papers concerned T'amias striatus 

Seton (1929) made one of the earliest references to the home range of this species, and 


stated the belief that a chipmunk ordinarily stayed within an acre of ground, although o1 
occasion it might wander 100 to 200 yards away from the burrow site. Allen (1938) noted 
certain individuals that traversed a distance of about 200 paces, and one animal regularly 
gathered food at a pond 400 paces from its den. In southern Michigan, Burt (1940) indicated 
that the home ranges of four adult females averaged 80 yards in greatest diameter (1.04 
acres) and that of two adult males, 112 yards (2.04 acres). In northern Michigan, Blair 
(1942) found the monthly home range of adult females to be 2.15 + 0.38 acres; of adult 
males, 2.31 + 0.30 acres; of immature females, 1.78 + 0.18 acres: and of immature males 
2.68 + 0.48 acres. He found no significant difference in size of home range between sexes or 
age classes during his study, which lasted only from August 25 to September 22, 1940 
Manville (1949) studied T’amias striatus griseus in northern Michigan and calculated the 
home ranges of seven individuals, which varied from 0.19 to 0.43 acres, and averaged 0.25 
acre. In this instance, the home ranges of the females averaged 50 per cent higher than that 
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ules. His observations were based on trapping periods of five days duration, and 
1 from May to August. In his study of a small woodlot in central New York, Smith 
calculated the home range of four groups of chipmunks: adult males, 3.10 + 0.41 


dult females, 1.66 + 0.19 acres; immature males, 1.43 + 0.45 acres: and immature 
2.04 + 0.44 acres 


ethods of calculating home range have been used. The three general types have 


liscussed by Hayne (1949 who suggested an: iditional way of stating tr ipping sults 
19-4 concluded that the minimum home-range me thod, which involves the con 
I] outlying points ol capture int , pol gon, gives more consistent and reliable 
TABLE 1 H r } é lerr hivn 
FEMAI fAL} 
ra n : 
re | ¢ 
’ 0.22 14 0.6 
0.6] 12 99 
0.10 10 0.63 
0.25 10 0). 24 
] ).21 9 0.59 
: 0.21 8 0.36 
. 0.47 Q 0.14 
. 0.40 Q 0.52 
. 0.1] ] 0.16 
0.1 7 0.24 
0.1 7 0.20 
i 0.1 6 0.4] 
0.25 { 0.31 
). 34 I 
)19 
0.1¢ cami - y r 
0.34 
02 7 0.12 
r 76 0.19 
6 0.18 
5 0.10 
5 0.18 
nA 0.32 
m4 0.26 


than variations of the other methods. For this and other reasons to be discussed, the 


ome-range method was adopted in this study 
se records of adult chipmunks with a total of six or more captures and obser 
; 


used 


in the calculation of home range. Several records with more than this 


mum number of entries were discarded because they obviously did not represent the 


ome range of the animals. In the case of juveniles, no records were used with less 
yur captures and observations. No distinction was made between the sexes in the 
group as only a few records were available 

home ranges of adult females, adult males, and juveniles are shown in Table 1. 


2 is a summary of the data for the various sexes and age classes, and shows the mini- 


and maximum sizes of home ranges. In this study it is apparent that adult males have 
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a slightly larger home range than adult females, and that the home range of young and 
immature animals is smaller than that of the adults. 

The size of the home range of the chipmunk as determined in this study is considerably 
smaller than those listed by any previous worker except Manville (op. cit.). There seems to be 
a number of reasons for this low figure. First, calculations by the minimum home range 
method yield more conservative figures than does either the boundary-strip method or the 
points-of-most-distant-capture method. Mohr (1947) and Manville (op. cit.) have pointed 
out this fact. Second, the many factors which influence the size (and shape) of a home range 
(Blair, 1940) are so variable in themselves that the sum total of all of them is certain to 
produce far different results. This is particularly true when such studies are pursued in 
widely separated localities within the species’ geographic range. Third, the abundance of 
food and cover in the Beebe Lake area together with the high population of chipmunks on 
the tract would presumably discourage excessive or distant movements of an individual 

Possible criticisms of this study are that the minimum number of records (six) used in 
calculating an individual’s home range is too low, and that larger home ranges would have 
resulted if a larger number of observations had been used. This might be true if trapping 
records alone were used, but since these were employed in conjunction with observations of 
marked animals, I feel that the results, for adult animals at least, give an accurate picture 
of the minimum home range of the chipmunk in this particular area 


TABLE 2.—Average size of home ranges of eastern chipmunks with standard 
errors and extremes 
AVERAGE 
. o NUMBER OF SMALLEST LARGEST AVERAGE iZE 
AGE SEX Lene celip CAPTURES & HOME RANGE HOME RANGE HOME RANGE 
: -" OBSERVA IN ACRES IN ACRE IN ACRE 
TIONS 
Adult Female 19 8.2 0.10 6.61 0.26 + 0.03 
Adult Male 13 8.6 0.14 0.66 0.37 + 0.05 
Juvenile Male & Female 8 5.1 0.10 0.32 0.18 + 0.03 


It is generally agreed that the home range of a wild animal is not a well-defined plot of 
ground with permanent fixed boundaries, but rather that the size and shape general! 
changes more or less continually from week to week, season to season, and year to ye 
In view of this constant change, it would appear that biologists can define but not measure 
an absolute or ‘‘true’’ home range of an animal. It would be far more practical simply to 


’ 


use the term ‘“‘home range’’ as Burt has defined it, and realize that its size is determined by 
calculations based on data obtained by trapping, observation, or other means during a 
given period of time. For most purposes, it is more important that we have an index of the 
size of the home range of a certain species in a given area that can be compared to the home 
range of the same species in another part of its range, or even to the home range of another 
species. These comparative data would have more value than a theoretical figure such as 
“absolute” home range. Since the minimum home range method furnishes comparative 
information, it seems to me to be the most useful one for this phase of life history studies 
Of course it is essential that we standardize definitions of terms, and recognize the limita 
tions of the minimum home range method 

Overlapping of home ranges has been widely observed and reported. Blair (1942) found 
broad overlapping of home ranges of chipmunks among all age groups and sexes, except fo! 
breeding females, which he believed possibly excluded other breeding females from their 
area. In the present study, chipmunks of all ages and both sexes, regardless of the breeding 
condition, commonly invaded the home ranges of other individuals. It was not unusual fo 


the home ranges of as many as six animals to overlap in a given area. This situation would 
be expected where the population density was as high as that in the Beebe Lake area, es- 
pecially since the chipmunks under observation did not exhibit strong territorial behavior 
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The only specific information on chipmunks shifting their home range has been given by 
Burt (1940), who concluded that such movements are found among young animals and adult 
males, and that old females rarely shift their home sites once they become established. He 
records animals moving from 225 to 700 yards away from the original place of capture. 
In the Beebe Lake area, any movement of 100 yards or more was regarded as a significant 
change in home range, providing all subsequent captures were in the new area. Three young 
and three adult male chipmunks were observed to have shifted their home range from 105 to 
250 yards away from the original point of capture. Not one female was found to have made 
i similar move. This is a striking resemblance to Burt’s observation where seven of the 
young female which showed the least 
Male chipmunks seem to have a much stronger tendency to shift 


eight animals cited were males, and the eighth was a 
movement their home 
ranges than do females. In the present study, three young males changed their home site in 
spring when they were one year old, or when they became sexually mature. The few records 
preclude a generalization, but the fact that all three of the adult males which moved their 
home range effected this change in late May or early June points to a possible correlation in 


time with the appearance of the first young of the year above ground 

Burt op. cit stated that one-third or more of the animals may be expected to move from 
the point of original capture. In this study, the six individuals mentioned above are but a 
small fraction of the population. The great majority of animals were repeatedly captured 


throughout the course of the study on the same area. Further evidence for the permanence 


Brina Kessel in the fall and 
ind two females) of the fifteen 


ecaptured during this investigation, 12 to 16 months later. Each 


if home sites is furnished by the series of chipmunks marked by 


spring of 1947-48 on the present study area. Four (two males 


animals were 


ye was 
ecupying the same area as at the time of origina! capture 


ee) gin 


There was no evidence of chipmunks moving from one side of the lake to the other. In 


ict, the maximum distance any individual moved on either side of the lake was estimated 
be not more than 250 yards 


TERRITORIALITY 
Many studies have demonstrated that ter 
ff 


ferent species of mammals, either throughout the greater portion of their life cycle, 





toriahty 1s a common behavior pattern among 
di 
r at least during a limited part of it. Burt (1943) carefully distinguished between the con 


pts of territoriality and home range. A territory is that part of the home range which is 


rotected from other individuals of the same species, either by fighting or by aggressive 


gestures. He recognizes two fundamental types of territoriality 


in mammals; one concerns 
breeding and rearing of young, the other. food and shelter. Tr upping records can give only 
ndirect evidence of territorial behavior; only by) 


. direct observation can the presence o1 
absence of territoriality be conclusively established. In a later paper, Burt (1949) outlined 
the biological significance of territoriality to the individual and to the species as a whole 
Examples of territorial behavior among the sciurids have been described by Gordon 
1936), Klugh (1927), Clarke (1939), Allen (1943), and others. In his study of the least 
chipmunk, Eutamias amoenus affinis, in the Cascade Mountains of Washington, Broad 
books (in litt., December 31, 1949) determined that a defense of territory was exhibited by 
breeding females around the immediate vicinity of the den. Allen (1938) found no evidence 
of territorial behavior in the eastern chipmunk, but antagonism between individuals of this 
species has been noted by Fraleigh (1929), Harper (1929), Blair (1942), and Manville (1949). 
Burt (1940) observed that an old female chipmunk displayed territoriality when she de 
fended that part of her home range immediately around her den site. Smith (op. cit.) be 
lieved that some degree of territorial defense was manifested, at least during the rutting 
season 
The high population on the study area afforded an excellent opportunity for observing 
numerous incidents where one chipmunk chased or pursued another. This behavior is the 
type of antagonism which has frequently been reported in the literature, although some of 
it is probably no more than the playfulness expressed by groups of young animals, similiar 
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to the play of small puppies and kittens. These chases reach a peak in the fall (late Septem 
ber and October) when the woods are filled with second litter young, juveniles of the first 
litter, and adults. This activity undoubtedly accounted for early naturalists mistaking this 
time of year for the rutting season (Rhoads, 1903 

The determination of the age and sex of the individuals engaged in these encounters was 


s of the distinctive marks (fur and ear clippings) described previously. Be 





made by me 
cause of their very rapid movements, however, a pair of marked animals ran within a fe 
feet of the observer on many occasions and yet could not be identified 


Several observations seem worthy of mention. On April 30, 1950, a lactating female was 


{ rapped and released on the eastern side of a small ravine. It ran across a log to the opposite 


side of the small stream and moved along the bank towards a stump Suddenl nother 
lactating chipmunk appeared and aggressively chased the first one back across the stream 
The attacker remained in a crouched position on a small log for at least five minutes, as if o1 
guard against any further intrusion. The first animal then proceeded towards her own hor 
sit about 45 feet east of the stream 

On another occasion, May 20, 1950, an immature male was captured and released on 
slope above a flat, wooded a1 with numerous fallen logs. This animal ran down to the 
bottom of the slope and jumped onto one of the large logs. Immediately another immatur 
male charged towards the intruder, chased it awa und then ran back to the other end « 


the log. A few minutes later, the first chipmunk again climbed on the log, and was prompt! 


»w minutes the latter ran about 30 feet 


chased off by the belligerent defender. In a f — 
whereupon the intruder finally climbed back on the log without further disturbance. Bot} 


f these males were born in August, 1949, and were originally captured and mar 





O 
same day, October 16, 1949. The home range of the intruding chipmunk was confined to the 
slope for the most part, while the home range of the defender was on the level area. but wit! 
considerable overlap on the slope 

The most savage battle witnessed in this study occurred on June 18, 1950, betw 
adult female, which had recently finished nursing a spring litter, and a subadult male wi 
had been born, presumably, in the summer of 1949 The progress of the chase cover 


the territory of the female westward tothe home range 


distance of about 40 fe« 
male. The two animals jumped at each other violently, the female taking the initiative mos 


of the time. They bit each other savagely, jumped into the air, locked together and fell 
the ground, rolling over and over many times. They separated for a few seconds, and the 


renewed the combat within a short time. The male finally moved into his own home rang 


area, and the female returned to her territory. This conflict is presumed to have been r 


it this period some of the females were again receptive ar 
] 


lated to courtship behavior, for 
It is not unusual for the male and female to fight during this period. Alle 


ready to mate 
(1938) has described the battles which raged between a c uptive male and female from « 


February until late March when the female at last became receptive. The females appe 
determine when successful mating will occur 

Another brief encounter was noted between an adult male and a female which had 
cently finished nursing. The male made one quick lunge at the female who moved rapidl) 
downslope towards her home site. The male returned to the center of his home range 
incident took place at the extreme corner of the female’s recorded home range 


These observations are similar to the manifestations of territorial behavior witnessed 
among many other species of animals, both vertebrates and invertebrates. This behavior 


pattern may not be as conspicuous in the chipmunk as in some other species of mammals 
but it appears to play 1 definite role in the life history of this species Defense of territo 
may be observed less frequently among chipmunks since these animals spend much of the 





day in an underground burrow, and thus do not sight intruders frequently. It is : 
that territoriality may exist even when there is broad overlapping of home ranges of several 
individuals. These incidents indicate that breeding females are not the only groups ol! 
chipmunks to display territorial behavior, rather this behavior pattern is found among bot! 


sexes and among all age groups, with, perhaps, the exception of the youngest animals 
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Burt (1940) reported that the defended territory of an adult female was 50 yards in radius 


| 





1 idual extended 100 ards or more 





around the nesting site, while the home range of this in 





at point. In the present study, the home *s of chipmunks were much smaller 
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lhe population densities on different portions of t tudy area during various periods o 
nsive trapping in 1949 and 1950 are listed in Tabl The bulated animals include only 
rked chipmunks; no allowance is made for ind juals that were never captured o1 
ked. Therefore, these figures are slightly less than the actual population. The data for 
1950 are very close to the actual population figure, but in 1949 a greater number of resident 
is escaped capture he higher figures for 1950 do not necessarily indicate a larger 
population of chipmunks than in the previous year; the difference is due chiefly to the 
greater tr: pping efficienc of the larger t1 Ds ised during the second ve 
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The study area was bounded by habitats unoccupied by chipmunks. The insignificant 
number of marked animals whose home sites were located outside of the study area was 
offset by a similarly small number of chipmunks living on the study area but never captured 
and marked 

Population densities computed from trapping records are influenced by the variabl 
amount of activity of the animals at different seasons. The low population in March may be 
due in part to winter mortality, but also to the unfavorable weather conditions which re 
strict chipmunk movement at this season. Another low point in mid-summer (July and 
August) reflects a reduced amount of activity during the hottest parts of the year Popula 
tion peaks occur in June and September-October, and correspond to the appearance above 
ground of the young of the spring and summer litters 

There were no marked differences in population densities between the north and south 
shores of Beebe Lake. However, an unusual situation prevailed in a small ravine at the 
southeastern corner of the lake, next to the Cornell University apiary. In September, 1949 
ten chipmunks were captured on this plot, one-third of an acre in size. These included two 


adults (male and female, probably a mated pair), three juveniles from a spring litter, and 
TABLE 4.—Summary of population and home ranae dies of the eastern chipmunk 


1OME RANGE IN ACRE 


2 : a ADULTS ONLY 
Williar 1936 4.00-15.00 
Ave. 9.50 
Bole (1939 0.80-8.70 
Ave. 4.81 
Bu 194 0.80 §2 1.04-2.04 
Ay 2.21 Ave. 1.54 
Blair (194 1942 2 2.15-2.31 
Ave. 2.23 
Smith (1942 1.11-3.24 1.66-3.10 
Ave. 2.18 Ave. 2.38 
Manville (1949 0.12-0.72 0.19-0.43 
Ave. 0.42 Ave. 0.25 
Linduska (1950 Approx. 0.05-2.5 
Present Stud $.14-15.2 0.26-0.37 
Ave. 9.68 Ave. 0.32 


five young from a second or summer litter. The population density was 29.4 chipmunks per 
acre, equal to Seton’s highest estimate. In late April, 1950, five of the ten chipmunks wer 
retaken on the same area, and one new individual had appeared. Of the five individuals from 
the summer litter, only one female was recaptured. The population at this time was 17.65 
per acre, a concentration which was never equalled on any other part of the study area 

Since the results of at least seven population and home range studies of the chipmunk 
have been published, a comparison of results appears desirable. Table 4 summarizes the 
data obtained by various investigators. The minimum and maximum populations and home 
ranges are taken from their publications; the average is merely the arithmetic mean of the 


} 


maximum-minimum figures. The data on this table are not entirely comparable since th 
studies were not all made at the same time of year, and various types of trapping techniques 
were employed 

There are several explanations for the exceptionally low population figures of two pr 
vious studies. Linduska (op. cit.) conducted part of his trapping operations in grazed wood 
lots, a poor type of habitat for chipmunks. The distant spacing of his traps (one per acre 
probably failed to capture the entire population. Manville (op. cit.) explained that his field 
work was carried out in a region of uninterrupted forest where the chipmunk population 
apparently never reaches a high level. 
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If the unusually high population figures for the small ravine area described above are 
omitted, the populations in this study are comparable to those found by Williams (op. cit. 
: The mean of the population densities for 1950 (Table 5) is 11.6 per acre, the highest popu 
lation of chipmunks recorded in the literature with the exception of Seton’s estimated 
SUMMARY 
Home range, territoriality, and population densities of the eastern chipmunk 
amias striatus lysteri (Richardson), were studied in the environs of Beebe Lake, 
Ithaca, New York, from June 14, 1949 to July 15, 1950. Abundant food and 
excellent cover provided an ideal habitat for chipmunks. Two hundred and 
eighteen animals were live-trapped and marked by toe and fur clipping. Observa- 


ms of marked animals supplemented trapping data. The minimum-home-range 


] 
} 


method of calculating was used, and is recommended as the most useful one 
omparisons are to be made between such studies. The average size of the 

ge of adult males was 0.37 + 0.05 acre; of adult females, 0.26 + 0.03 
of juveniles, 0.18 + 0.03 acre. Broad overlapping of home ranges 
curred. The majority of individuals occupy the same home range over long 
ids of time. The tendency to abandon a home range and move to a new area 
home range site appears to be more common among males than females. The 
small size of home ranges in this study apparently results from a combination of 
rable habitat and high population densities. Antagonism between indi- 
duals of the same and opposite sex indicates that the chipmunk displays terri- 
ality, although this behavior may not be as conspicuous nor as highly de- 
loped as in some other mammals. Population densities varied from 4.14 to 
).23 chipmunks per acre, but one instance is recorded where ten chipmunks 


nhabited a restricted area one-third of an acre in size. A comparison is made of 


the various home range and population studies of the chipmunk in the northern 
nite 1 States 
icknowledgment I wish to express my gratitude to Dr. William J. Hamil- 
ton, Jr. for the advice, suggestions, and criticism which he proffered throughout 
ourse of this study, and for a critical reading of the manuscript. This is 
4 part ol a doctoral dissertation submitted to the fa ulty ol the Graduate School 
Cornell University, Ithaca, New York 
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BEAVER ECOLOGY IN WESTERN MONTANA WITH SPECIAL 
REFERENCE TO MOVEMENTS 

By Joseru E. TowNsenp 

Beaver (Castor canadensis ecology with reference to movements was studied 

he Seeley Lake area of Missoula County, Montana. Data were obtained by 

beavers in the summer of 


14 pelted, 


rapping, individually marking, and recapturing 


949, 1950, and 1951 on a 160 acre area and from 15 beavers trapped 
released) in this area during the 1952 commercial trapping period. Thirty-six 
information was obtained by 


rs were caught 62 times. Supplementary 
recording beaver sign throughout the study area. 
The write nk Don C Quimby, who 
directed the study, for advice in the field and in the manuscript preparation; Mr 
Adi Hess for help in statistical analysis; Dr. W. E. Booth for assistance in 
tion; my father and mother, B. Townsend, 


ntincation ; 


Mr. and Mrs. George 
vy; Mr. Robert Christianson 


| permisslol to conduct the study on their propert' 
1 especially my brother, George, for aid in collecting material and data from 
winter trapping; the Montana State Fish and Game Department for permission 
‘ nduct the study and for the use of live-traps; my wife, Marjorie, for aid in 
¢ and in preparation of figures and tables. This is a contribution from Mon 
State College, Agriculture Experiment Station, Project No. MS844, Paper 
N PSs Journal Series 
D ipt of area.—The study area (Fig. 1) is located within the river me 
plain of the Clearwater River valley, 34 miles upstream from Seeley Lake 
I bounded to the west by the Missiot Mountain Range and to the 
é the Swan Range. Its width at the d rea is about two miles. The 
meal I of the river. 20 to 30 feet. be the illey floor. is one-half to one 
les 
iding the meander plain, the valley is heavily timbered with western larch 
I occidentalis) on the lower slopes, and ponderosa pine Pinus ponderosa 
loug Pseudotsuga taxifolia), and Engelmann spruce (Picea engelmanni 
tl uppel! slopes Stands of lodgepole pine P nus contorta , are found at vari- 
ous ¢ utions. The meander plain is characterized by willow (Saliz spp.) and red 
osier dogwood (Cornus stolinifera), with Engelmann spruce along the higher 
stream banks and lodgepole pine on extensions of dry land 
The study area includes a one mile segment of the Clearwater River, a spring 
reek tributary, and the lower parts of two other tributaries. The river (Fig. 1) 
enters the area from the northwest and cuts diagonally across to the southeast 
corner. It is characterized by low banks (6-12 inches in height is common), a 
a 


gravel bottom and low turbidity. Width varies from ten to 50 feet, depth from 

ches to about four feet. Volume flow in July and August (floating chip 

and watch method) was from 15 to 20 cubic feet per second; high spring water 
considerably increases this flow and a reduction is apparent in late summer. 

Findell Creek. a shallow stream two to six feet wide, enters the river from the 

iver, a larger stream, enters from 


nort 


The West Fork of the Clearwater 


heast 
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the west. Its channel has been much influenced by beaver activity. Consequently, 
it joins the river through a network of channels and beaver runs. A small stream 
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Fic. 1.—Map of study area, showing water, beaver structures, and colony sites (site I, 
upper West Fork, is excluded 


originating from a spring in the southern end of the area enters the river at its 
point of exit from the study area. 


Principal vegetative types are: coniferous forest, woody shrub, emergent 
aquatics, and submerged and floating aquatics. A grove of quaking aspen (Popu- 
lus tremuloides) is present just south of the area. 
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The coniferous forest consists of Engelmann spruce, a few scattered western 
larch, and three stands of lodgepole pine. The spruce is restricted to the higher 
stream banks of two areas: (1) A stand of old mature trees along the lower section 
of the river with an extension up the main channel of the West Fork, and (2) a 
scattered stand of young trees, six to eight feet in height, occurring as a low 
canopy under the lodgepole extension from the west into the middle of the area 

Fig. 1). The western larch occurs as a very scattered stand of old, single trees. 
Many are dead. No larch reproduction is evident. The lodgepole pine occurs: 
1) on an extension of dry land (previously mentioned) from the west into the 
middle of the study area, (2) in a heavy growth between the West Fork and the 
southern boundary and (3) a small stand near the entry of Findell Creek. 

Representative plants under the mature spruce were common juniper (J untp- 

communis), bearberry honeysuckle (Lonicera involucrata), mountain snow- 
berry (Symphoricarpos albus), Saskatoon service berry (Amelanchier alnifolia), 
Hudson Bay currant (Ribes hudsonianum), alder buckthorn (Rhamnus alnifolia), 
American strawberry (Fragaria vesca), field mint (Mentha arvensis), bunchberry 
dogwood (Cornus canadensis), andstarry solomonplume (Smilacina stellata). Those 
under the pine include bearberry honeysuckle, mountain snowberry, common 
iper, American strawberry, and common beargrass (Xerophyllum tenaz). 


| 
The woody shrubs, in order of abundance, were willow, red-osier dogwood, and 


thin-leaf alder (Alnus tenutfolia). This type covered the non-wooded land area 


with the exception of extremely wet or inundated parts. In the drier localities 
various plants were found with the woody shrubs. Representative are: alder 
buckthorn, field mint, common cow parsnip (Heracleum maximum), bluejoint 
reedgrass (Calamagrostis canadensis), bearded wheatgrass (Agropyron subsecun- 
aur and sheep sorrel (Rumex acetosella 

The most extensive areas of emergent aquatics were in the region of the West 
Fork, with its network of canals and beaver runs. Beaked sedge (Carex rostrata 
and green bulrush (Scirpus atrovirens) were dominant. Emergent plants found in 
the river were slender bur-reed (Sparganium multipedunculatum), spike-sedge 
Eleocharis macrostachya), oval-head sedge (Carex festivella), beaked sedge, and 
short-awn foxtail (Alopecurus aequalis). In the spring creek along the south 
border of the study area, rocky mountain rush (Juncus sarimontanus) and oval- 
head sedge were found bordering areas of beaked sedge and green bulrush 

Submerged and floating aquatics collected were: river—American brooklime 
Veronica americana), marestail (Hippuris vulgaris), common waterstarwort 
Callitriche palustris), stiff watercrowfoot (Ranunculus longirostris), and water- 
crowfoot (Ranunculus trichophyllus); West Fork—lIllinois pondweed (Potamoge 
ton illinoensis) and common waterstarwort. Green algae (Mougeotia sp.) were very 
common in the river, and blue-green algae (Cylindrospermum sp.) were found 
scattered throughout the area. Plant nomenclature for monocotyledons follow 
W. E. Booth’s Flora of Montana, Part I, and for dicotyledons, Gray’s Manual of 
Botany (Ed. 8 

The area has not been extensively farmed; the last agricultural usage was in 
1940, when a few head of stock were pastured. With the exception of commercial 
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trapping in the years 1942, 1944 and 1947, and trapping during the study, neither 
the beaver nor their activities have been legally subjected to human interference 
for at least 30 years. 


METHODS AND RESULTS 
Mapping.—A United States Forest Service aerial photograph and a ground survey of the 
waterways were used to map the area. All beaver structures were designated on the map 
and subsequent changes during the study were recorded (Fig. 1). The structures were gener- 
ally concentrated in nine areas or ‘‘Colony sites’’ assigned letters A-I 
Trapping.—Live-trapping was accomplished with both Bailey and Hancock beaver 
live-traps. Traps were set in localities of apparent beaver activity, and their locations 
usually changed if a beaver was not caught within three nights. Three different-type trap 
sets were used: bait, runway and dam. The bait set consisted of scent (beaver castoreum 
and/or food (fresh aspen or willow) with the trap set to catch an investigating beaver 
The runway set was in a waterway, such as a canal, with sticks often placed in a “‘V”’ to 
guide the animal directly over the trap. A dam set was made by breaking a hole in a dam 


and placing a trap in its upstream opening 


TABLE 1.—Analysis of various types of live-trap sets; 1949, 50, 51 
BAIT RUNWAY DAM ALL 
MONTI 
™N C TN/C!TN C TN/C IN C TNA IN C TN 
June* 42 1 42.0 14 90 9 O 65 1 65.0 
July 86 6 14.3 21 2 10.5 33 3 11.0 140 11 12.7 
August 100 6 16.7 23 3 P| 65 8 8.1 188 17 11.1 
September 118 7 16.9 2 3 9.7 50 8 6.3 197 18 10.9 
Total trapping periods 346 20 17.3 87 8 10.9 157 19 8.3 590 47 12.6 


* No trapping until after June 15 in any year 
Symbols: TN, trap-nights; C, beaver catches; TN/C, trap-nights per beaver catcl 

Thirty 
an average of 12.6 per beaver (Table 1). The data for the entire trapping period show: (1 


efficiently in dam sets, 


one beavers were live-trapped 47 times in 590 trap-nights (one trap set one night 


beavers were captured mort requiring 8.3 trap-nights per 


I 
Fi comparison to 10.9 and 17.3 for runway and bait sets respectively and (2) trapping 


efficiency generally increased as the season progressed. Analysis, by month, reveals tha 
runway sets were the most efficient trapping method in July and August, and dam sets in 
j 


September. A bait set accounted for the only beaver caught in June; this method reached 


its highest efficiency in July. The relationship of trapping efficiency to beaver activity w 
be discussed later 

In March and April of 1952, 15 beavers were commercially trapped (14 pelted, 1 released 
from the study area. Ten had been previously live-trapped 
Marking.—Six beavers were marked in 1949 by punching holes in the webs of the hin 
feet with a (method and code system described by Aldous, 1940 


An additional 


distinctive notch in the tail 


¢-inch leather punch 


beaver, accidentally released before examination, was identified | i large 


In 1950, nine were web-punched. Three others, when caught, 
rarking; 


bore marks of unknown origin sufficient for identification without additional 1 





each beaver had at least three identifiable marks, such as a notched tail, notched ear, split 


web(s), missing toe(s) or feet, etc. In 1951, eight were web-punched. Seven of these were 
also marked by punching a hole in the tail. Three others bore marks of unknown origin 
as described above: two of these were further marked by tail pun hing. In the three years 





the identity of 30 beavers was thus established in the area 
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No recaptures were made in 1949, but the notched-tail beaver caught in August) was 
found dead in October. In 1950, one animal marked September 10, 1950 was recaptured 
1949 were recaptured; « 


September 17. In 1951, two beavers marked in ne of them three 
in 1950 (four web-punched and tl 
narks of unknown origin) were recaptured in 1951; three twice, the others once. One. web 
the and tail-punched in July, 1951, was recaptured 


times. th 


the other once. Seven, originally caught ree bearing 





























a month later. At the time of recapture in 
nay 1951 all web-punched beavers, with one exception, were tail-punched. The ten marked 
ict animals caught in the 1952 pelting operation included five of the 195] recaptures (originally 

trapped: one, 1949; three, 1950; one, 1951). Rec aptured for the first time in 1952 were one 
ver veb-punched in 1950, one web punched in 1951, and two web- and tail punched in 1951 
— | Another, whose hind feet were torr by the trap, could not be identified with certainty 
rap It had at least one punch mark. Another possibly could have been obliterated 
im These recaptures supply a basis for evaluating web punching as a means of marking 
J The beaver examined seven days after web-punching apparently suffered no ill effects: 
‘ the holes in the webs were distinct. After 1] months the web-punches of this anir 1al had 
4m f t colore 1, line ir scars, le inch ir lex gt from wl ich fine lines radiated into 
e surrounding web. A lump could be felt in the intercutaneous fascia. Eight months later. 
the only change noticeable in these same marks was a darkening in color. The web punches 
her beaver, one month after punching, were parti illy filled with tissue, and six 
onths later were completely filled. This pattern of web-punches filling in and eventually 
I ng into faint sears is evident in the histories of 11 of 12 beavers for which rex apture 
vailable. Twenty-one recaptures, representing periods of from one week to 3334 
mont vere alr aly zed The exception to this he ling pat r vas a be ver whose web 
, punch had been enlarged with a scissors; examination. 11 l 1 20 months after marking, 
: reve listinct hole, 4 inch in diameter, through the web 
Aldous (loc. cit.) lists two disadvant ages to web-punching: (1) unless the holes in the 
wer surfaces of the web coir cide yn! faint se ar rem Lins ilter healing, and 
; «~) identification by inexperienced personnel is unreliable. Gre at care was taken to inflict 
| » that they would normally coincide. This wv 4S verified by examination of pelted 
- 1952, eleven of 13 punched webs had the upper scar directly over the lower 
It wou ppear that regardless of care taken ir punching, web-punches made with a 34, 
punch will eventually heal into a faint scar 
The technique, although serving the purposes of this stu vas not entirely satis 
; fact Identification of individuals often re juired very careful and deliberate exami 
, it it is felt that all beavers were properly i: entified, excluding one, multilated 
E 152 pelting operation. This belief is strengthened |} lat Dtained on supplemen 
. nals. In all instances the web marks of this group were similar to those 
beavers that were web-punched only. Furthermore weights and body measure 
; uf 1 beavers identified by web marks were in every nstance in agreement with the 
| rig ecords within the limits of normal ch ange. In view of its shortcomings. the w riter 
lid not recommend this method of marking for a large scale study 
I punching was found to be satisfactory up to 10 months but no data are available 
ger periods. The holes did not fill in completely although they did decrease in size 
Sexir Presence of a baculum. determined by inserting a finger in the urogenita open 
g (Bradt, 1938). was « onsidered positive evidence of a male Bradt was thus able to sex 
76 . cavers except kits). Ten males were sexed by this method No acc irate method of sex 
; g ‘ive kits was known to the writer, but of the four live trapped, one (male) was later 
eXamuine is a two year old, two male and female were commer ially trapped and ex 
“ mined, and one (male) was found dead in a trap. Four adult females when first captured, 
ia were sexed on the basis of conspicuous mammary glands Of 13 sexed as females by the 
Ise of a baculum, two had conspicuous mammae wher recaptured, two were verified 
‘ examination during the 1952 pelting operation, two were recaptured and again no bacu 
lum felt hve were not 


recaptured, and two were found to be erroneously sexed. A 3] pound 


xed in 1949 as a female proved to be a male when recaptured in 1951. An adult 
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male pelted in 1952 was incorrectly sexed in 1951. In both cases a male was involved. Evi- 
dently considerable experience is necessary to reach the high degree of efficiency in estab- 
lishing the presence of a baculum indicated by Bradt. 

The sex of 26 of 31 was established within reasonable doubt. Five, sexed as females by 
the absence of a baculum, were not verified by recapture. The possibility of one or more 
of these being erroneously sexed is recognized. 

Ageing.—Beavers were weighed and measured (total length, length and width of scaley 
part of tail, and hind foot) to determine whether the measurements fell into distinct and 
separate categories. Frequency distributions suggested that these measurements were not 
taken from a single group. Inspection of the frequency distributions and field experience 
indicated that weight was the best criterion for establishing separate categories. To sub- 
stantiate the hypothesis that weight frequency (Fig. 2) represented more than one group, 
Chi-square for testing ‘‘goodness of fit’? of the normal frequency curve was computed 
The large value of Chi-square (13.47 with df = 2) would occur as the result of chance alone 
in less than one time in 100, strongly suggesting that more than one group had been weighed, 
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Fig. 2.—Frequency distribution of beaver weights 
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Further examination of the weight frequency distribution shows an apparent grouping 
of weights into three categories: (1) 8-12 pounds, (2) 20-26 pounds, and (3) 30 pounds and 
over. These apparent groups were tested for equal variances (‘‘F”’ test, Dixon and Massey 
1951) and the hypothesis rejected. The three were then tested for equal means (variances 
not equal, “‘t’’ test, Dixon and Massey, 1951). The hypothesis of equal means was rejected 
at the 1 per cent level. The means were from different populations. 

The beavers, whose weights fell into group 1, were classified in the field as kits on the 
basis of their small size and immaturity. The work of Bradt (1939) substantiates this classifi- 
cation. He gives the weights by months of four beaver kits for the first year of life. The 
lowest weight, in August, was 6.8 pounds and the highest, in September, was 13 pounds 
At the end of their first year, Bradt’s kits weighed 20.5-26.3 pounds. These weights agree 
with those of the second group. Further evidence that the second group of weights was 
obtained from year-old beavers is presented by the trapping records. Beaver No. 4 was 
caught as a kit on August 25, 1949, weight 12 pounds; on September 11, 1951, 34 pounds 
No. 9 was caught July 24, 1950, weight 21 pounds; August 12, 1951, 33 pounds. No. 11 weighed 
21 pounds on August 11, 1950 and 30 pounds one year later, July 26, 1951. The latter animal 
was weighed again September 22, 1951, weight 36 pounds. Evidently the second group of 
weights represented a yearling class. 
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i- By elimination of the kits and yearlings and by reference to beavers 4, 9 and 11 (above), 
ab- the weights of the third group were thought to represent 2-year-olds and older. 
Hammond (1943) gives weights of 118 beaver caught in the Lower Souris National Wild- 
by life Refuge during February, March and April 1942. The weights of his suggested age groups 
ore (first year, second year, and adult beaver), generally agree with those above if allowance 
is made for seasonal differences. 
ley Since two-year-old beavers are of particular significance in beaver emigration (Bradt, 
and 1938), it was desirable to separate this group from the adult population. On the basis that 
not beavers first breed at 24 years (Bradt, 1938), all females showing evidence of suckling young 
nce (conspicuous mammae) were judged to be three years old or older, thus eliminating them 
ut from the two-year-old group 
up A frequency distribution of the third group of weights, exclusive of suckled females 
ted Fig. 3), suggested two groups: 30-36 pounds and 37 pounds and over. The two groups were 
one tested for equal variances (‘‘F”’ test), and this hypothesis rejected. The two were then tested 
ied , for equal means (variances not equal, ‘‘t’”’ test). The rejection of the latter hypothesis at 
FREQUENCY 
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WEIGHT IN POUNDS 
Fie Frequency distribution of beaver weights exclusive of kits, yearlings, and 
suckled females 
Ing 
ur he 5 per cent level suggested that these two groups of weights were obtained from differ- 
8¢ ent populations. The records of beavers 4, 9 and 11 (previously discussed) suggest that the 
nces lower weight group represented two-year-old beavers. The upper weight group obviously 
tet represents an adult class. The record of beaver No. 1 supports this conclusion (June 26, 
1949, 31 pounds two-year-old; August and September 1951, 44-48 pounds, four-year old) 
tb Confidence limits, at the 99 per cent level, established for the means of the weights for 
$10 kits, yearlings, two-year-olds and adults (females with kits excluded) were 5.16-16.84, 
The 20.4-25.02, 30.73-34.87,, and 38.98-48.62, respectively. Classification of a few animals whose 
nds weights were near the border-line between two-year-olds and adults was verified by refer- 
gree ence to body measurements. Only one exception to weight classification was noted. Both 
was the 1950 and 1951 weights of beaver No. 12 fell well within the range of the two-year class 
was (31 and 34 pounds respectively) but 1950 body measurements indicated a two-year-old, 
nds and 1951 measurements, an adult. Ulecerous sores on the body of this animal were noted 
ghed in 1950 ' 
— | Body measurements of kits, yearlings, two-year-olds, and adults, as determined by 
D oO | 


weight, sexual activity and established-age animals, are given for the summer months in 
Table 2 











/ 
+ 


Vol. 34, No. 


Yy 


OF MAMMALOC 


JOURNAL 


) 


1¢ 








LE) b OF 





9I 


£°9)8'°9 OL 


PE) 8 Zt 





OLS OL 

Cob) 2 
LO 

€2°9)0 





91 





- os 8 
GLP I 
O° OF | 
Go 9 I 
OFF I 




































qidu9y [890], 
joo} pulpy 
NYHA A 


uns 

















TOWNSEND—BEAVER MOVEMENTS 467 








BEAVER ACTIVITIES 


From the middle of June to the end of September, 1950 and 1951, the area was covered 








. twice a week and notes on beaver structures, food cuttings, an 1 scats were re 
rded. In 1949 fewer data were taken 
Structure Beaver structures were typically dams, lodges, stockpiles, canals, burrows, 
escent mounds Dams varied ir sizé fror Sir ] canal dar s. Two feet long and a few 
hes higl (height measured from toy of dam t stream bed to large rstre m dams up to 
ry) t long and five feet high 
Lodge were git in size, shape and constructior rbout three to four feet high, ten 
feet wide, and 18 feet long. All were on dry land within ten feet of water. Eight of ten were 
le } vegetatic 
TABLI Tir ( la i ldir t 1949. 1950. ar 195 
| 
: -_ 
' 
I Tt I D DI D DI 
Th 
let } { ( ( ( ( 0 ( 
9 = ( r ( ( 3 0 
Anone 
Lug 
] hal 4 9 9 
hal 1 f 94 10 
me ¢ ne 
Ist } { ] 5 8 22 
; 1 5 3 6 
Q o DS. dame startec DF. dan f s} 
NE I ‘ EPTEMBES 
104 ( F 
195 : f 1 I 
Yi 1 1 2 
lot | A) 2 i 4 2 
S kpile usual willow, were found near lodges in water three to five feet deep 
range ize from two to ten feet wide und a few vards to 120 yards long 
t burrows were excavated, but a number were found. Scent mounds were typicall) 
| of mud. Three over two feet high were found (result of over two vears activit 
SeASOI da building activit 1s sumn rized ir Table M intenance or dams not 
lamaged by spring vater was noted throughout the summer, but new constructior 
jor repair we concentrated in late August and early September. Few dams were 
S l Sept maintenance and improvement us suggested by the high eff 
( of dam tr this time (Table 1), was an important activity 
I le 4 shows seasonal scent mound activit Hers as above a correlation is found 
twee trapping efficiency and activity. The peak period for scent mound constructior 


uly, agrees with the most efficient time for bait sets (Table 1 
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Five lodges were built during the study; all late in the season (found the following sun 
mer). No stockpiles were known to have been accumulated before the last week of Sey 


tember. Two canals were constructed, both in the first half of August. 


Food Cutting Food cuttings of willow, dogwood, alder and aspen (aspen in colon 
site H only) were found throughout the summer. Rhizomes of beaked sedge were utilizs 


during June, July, and August. Pondweed and waterstarwort were heavily utilized in color 


siies D and E during August (based on observations of feeding beaver and plant cuttings 
TABLE 5 Pop tlation dynan ics data, Summer, 1949 
)LONY SITE 4 B ( D I } G H 
Catche none none none none nor 
Adults 8/27-5M* 8/20-6aS* 


10/?-6aS 
none none 8/14-2M 6/26-1M 
l yr none 23 








Kits none 


Structures 


Dams** 6b he) o o 7 6b 5 12 
Dams built l { l non none ( none none 
Lodges ] 3 l none none none none none non 
Lodges in us¢ l 2 ] 
Stockpiles ] l none none none none 
previou 
year 
Food cutting*** 
June none I | H 
July I I none I ] L I no 
Augus l M L, non L, H M ] nor 
September none H I M M L M 
peatse**** 


June M none ? LM 

July L, LM non M M M M n 
August I LMS none none MS M none M n 
Septembe I none LMS M MS M non LM 





* 8/27/5M Caught Aug. 27 Beaver No. 5 Male 8/20 bad (Aug. 20 No ba, Suckling 
female 

** Dams present Sept. 30 

*** L, Light; M, Medium; H, Heavy 

**** LMS Large, Medium, and Small (see text 


Mint and cow parsnip were eaten to a minor extent. One instance of young lodgepole utiliza 
tion in September (bark completely eaten off) and two of young Engelmann spruce in July 
were noted. Cuttings were occasionally taken from the few common juniper in color 
site I 

Willow and red osier dogwood were the most heavily utilized food plants, possibly due to 
availability. Preference for aspen (Bradt, 1938, Aldous, 1938, Soper, 1937, and many others 
was demonstrated in colony site H, where it was used almos exclusively despite the pres 


ence of willow and dogwood. Aquatics, where available, were important during August 
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Bradt (1938) has suggested the importance of aquatic vegetation in the summer months 
und Tevis (1950) recorded heavy utilization 

Scats—Scats were of considerable importance in determining beaver presence. Color 
was a bright, greenish-brown. Three different sizes were recognized (small, one-half to three- 
fourths inch; medium, one to two inches; and large, over two inches in diameter), and 
were thought to be generally associated with different age classes. The possibility of an 
adult dropping a small scat was recognized, but field observations and the trapping record 
show that kits were active in areas where small scats were found (Tables 5, 6, and 7). Ob- 
servations of droppings in quiet water in six localities indicated that the bright greenish 


olor was lost within two to three days, deterioration of form st 





‘ted in four to seven days, 
complete deterioration occurred between ten and fourteen days. Droppings were 


lways found in the water 


POPULATION DYNAMICS 


Seaver popul itions and movement during the term of the study will be presented by 
colony site on the basis of trapping data and activities as summarized in Tables 5, 6, and 7. 
The reader is referred to Figure 1 for location and structures of the colony sites. 

Site A.—An adult male was caught on site A, August 27, 1949. Activity data 


uggested no more than one be: 





ver occupied the site until September when abandonment 
evidently took place. A stockpile of the previous winter suggested the site was inhabited 
‘ J I I 





possibly by the same beaver 
In 1950, the lack of a previous winter’s stockpile suggested the desertion noted in 1949 
continued throughout the winter. Cuttings were present in June and September in the 


southern part, and 


in the western part in September only. Large scats were observed in 





1e western part in August and September. A non-breeding adult female was caught in the 
southern part September 17, 1950. Neither reconstruction of the river dam, destroyed by 
high spring water, nor use of the lodge was noted. This and her subsequent record sug- 
g 1 she was a “‘transient’’. The 1951 records suggest that the activity in the western part 
was associated with a different beaver 


In 1951 a suckled female (No. 25) was caught in the westerr 





part of the area August 
1 two-year-old male in the southern end August 9, 1951. The western part 


} 


contained a new lodge and a stockpile; both probably originated in the fall of 1950. The lodge 


was occupied and both large and small scats (indicating kits) were found nearby. The 
evidence suggests that the suckled female moved in, in late summer 1950, and was possibly 

i responsible for the activity noted in the western part at that time. The age of the male 
roha) 


precludes its being the mate of the suckled female (Bradt, 1938). Its status was 
of a “‘transient.’’ The 1952 record suggests an adult male (No. 19) as the 
suckled female’s mate at that time 

In the 1952 commercial trapping season (February 16 to April 19), the only activity 


study area during March was noted in sites A, C, and H. A and C are on the river 





I mained relatively open during March, and H on the spring fed tributary (Fig. 1) 
Che West Fork areas were frozen in and covered with snow. These areas started to break 
up during the first week in April. Open water appeared April 10 and trapping efficiency 
on the river increased rapidly from this date. Before April 10, traps set in the river near the 
| western part of site A caught an adult male (No. 19) and the suckled female of 1951 (No. 
29 vy pregnant. After April 10, a non-pregnant adult female (No. 12), a two-and-one-half- 
ile (No. 11) and two one-and-one-half-year-old males (Nos. 13 and 34) were 
caug he southern part of the area. The evidence suggests that the adult male (No. 
19 the pregnant female were a resident pair, the others, ‘‘transients’’ (probaby from 
West Fork sites E and G 
Color Site B In 1949, a typical colony (according to Bradt, 1938, and Cook, 1943) 
8 present. Evening observations in late August and September showed a colony com- 
| position of two adults, three yearlings, and three or four kits. A suckled female (No. 6a), 
two yearlings and a male kit (No. 4) were captured. The start of a stockpile among the rem- 











472 JOURNAL OF MAMMALOGY Vol. 34, No. 4 


nants of the previous winter’s storage was noted. Two lodges were occupied and four river 
dams were built and maintained. The presence of yearlings suggested this colony had 
been active since late summer, 1947, or longer. The suckled female was found dead in late 
October. 

In 1950, a two-year-old female and two yearlings were caught in September. They had 
not been previously captured. Neither kits nor adults were recognized during evening 
observations. No scat evidence of kits or large beavers was found. One lodge was inhabited, 
and only two of the river dams destroyed by high spring water were reconstructed. Possibly 
the death of the adult female in October, 1949, caused a break up in colony structure. Evi- 
dence suggested that the 1950 yearlings were 1949 kits of this area. Site E was apparently 
the only other site in 1949 with kits (Table 5, scats), and yearlings trapped in that site in 
1950 suggested no yearling movement from that site (possibility of kit survival without the 
maternal parent is shown by the trapping record of No. 4). The two-year-old female was 
possibly a yearling member of the 1949 colony. Indications of a stockpile accumulation in 
late September, confirmed by the presence of a previous winter’s storage in 1951, suggested 
these three remained during the winter. They were not recaptured in the study area. 

No dams were reconstructed or lodges occupied during the summer of 1951. The area 
remained unchanged in April, 1952. Evidently no resident beavers were present. In July, 
1951, an adult male (No. 19) and an adult nonbreeding female (No. 20) were trapped in the 
southern end of B (Fig. 1). The male moved from southern B to the western part of A, a 
distance of approximately 0.1 river-miles, between July, 1951, and April, 1952. As previously 
mentioned he was probably the mate of the breeding female (No. 25) in A. The adult nopn- 
breeding female moved upstream to site C, a move of 0.2 river-miles, between July 21 and 
August 25. She was commercially trapped at the latter site. April 8, 1952. An adult male 
(No. 1) was caught in southern B September 10, and in northern B September 16, 1951 
His 1951 record shows an upstream movement toward site C, where he was commercially 
trapped March, 1952. Apparently he and the adult non-breeding female (No. 20) were a 
resident pair of site C in March 1952. 

During the 1952 commercial trapping operation two two-and-one-half-year-olds were 
caught in the second week of April. Lack of resident evidence (previously discussed) and 
time of capture suggested these two were “‘transients.”’ 

Colony Site C.—In 1949, a river dam was built. The lodge and burrow showed signs of 
use in August and September. Medium scats and light food cutting were noted in late 
summer. Remains of previous winter’s storage in 1950 suggested the 1949 population re- 
mained through the winter. It is doubtful if this population contained a resident, breeding 
pair, because no small scats were found in 1950. 

In 1950 the river dam, destroyed by high spring water, was reconstructed and the lodge 
and burrow were used. Large scats suggested the presence of an adult, or adults. Food 
cuttings were present in August and September. Stockpile evidence of 1951 indicated 
1950-51 winter residence, but scat data suggested no breeding pair 

In 1951, two river dams were constructed. The lodge and burrow were used. Food cuttings 
and large scats were recorded in August and September. Medium scats were found in 
September only. An adult non-breeding female (No. 20), previously trapped in B, was cap- 
tured in August and a two-year-old female in September. Scat data, direct observation 
(entered lodge when released from trap), and successful trap-set (dam set) suggested the 
two-year-old was at that time sharing the site and possibly the dam work with the adult 
female. 

The above non-breeding adult female (No. 20) was commercially trapped April 8, 1952, 
in a pregnant state. The adult male (No. 1), captured twice in B during 1951, was pelted 
March 9, 1952. Winter residents were present at this time (March-April, 1952) as evidenced 
by scats and a partially used stockpile near the lodge. When the adult male was trapped, 
the river was still partly covered with ice. Beaver activity as evidenced by cuttings and 
tracks in snow were found only in C, A and H. The evidence suggested the adult male 
(No. 1) and the adult female (No. 20) as a resident, breeding pair. Another adult male was 
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commercially trapped one-fourth mile upstream from C in April, 1952. Date and place of 
capture suggested he was “‘unattached”’ at that time. 

Colony Site D.—In 1949, no residents were apparent. The large pond (Fig. 1) was nearly 
dry, and its retaining dam was not repaired. 

Considerable activity was noted in 1950. The pond-retaining dam was reconstructed, 
resulting in the filling of the pond. Four smaller dams were built. Scats and cuttings were 
noted in July, August, and September. No small scats were seen. A large beaver and a 
smaller one were often observed in the pond during August and September. A 1951 stock- 
pile suggested there were 1950-51 winter residents 

In 1951, the pond-retaining dam and two others (all damaged by high spring water) 
were reconstructed. Three beavers were trapped below the pond-retaining dam (north or 
lower D): the adult male (No. 1) previously discussed under B and C, on August 9, 1951; 
and two two-year-olds, a female (No. 9) on August 12, 1951 and a male (No. 4) on September 
11, 1951. The latter was a 1949 kit of site B. Despite heavy trapping in September, the 
two-year-olds were not recaptured; they had probably moved. A large beaver was often 
observed in lower D during August, and was once identified as the adult male (No. 1) 
mentioned above, by observation of tail punches. He appeared to be using a bank burrow. 

Two were trapped in upper D (above or south of the pond-retaining dam). A suckled 
female (No. 7) was caught in a dam set August 16, 1951. The next day she was trapped in a 
short run leading to the aspen grove in site H. The distance was 0.23 airline miles or 0.29 
water miles by the shortest route (including 25 feet overland and passage through G). An 
adult male was trapped in a short run September 13, 1951. Many fresh scars on the head and 
tail suggested recent battles. Scat evidence indicated a kit, or kits, south of the pond 
retaining dam, none below it. Only medium scats were present below the dam in September. 
Both large and medium scats were seen above the dam throughout the summer 

The data suggested, that the suckled female (apparently maintaining a dam in D and 
feeding in H) was using both sites D and H. She was with kit(s) (suckled mammae). Small 
scats were present in D, and a kit was caught in H. The female was trapped in H in 1950. 
No plausible explanation is available for this “‘unusual behavior.’’ The adult male trapped 
above the dam was using a blind run. He may have been a resident. The three beavers 
captured below the dam were judged to be ‘‘wandering”’ or “‘transient”’ animals. The evi 
dence for the adult male (No. 1) is obvious. Age, and negative recapture record in September 
is suggestive for the other two 

Colony Sites E and F .—Sites E and F were so closely associated that they are discussed 
together. Site F includes a group of structures along the main channel, and a southern 
diversion of the West Fork. E includes a group of adjacent structures on West Fork diver 
sions north of the main channel (Fig. 1). High spring waters follow the main channel and 
have relatively little effect on E 

In 1949 two two-year-old males were caught: one in E on August 14, and another (the 
much discussed No. 1) in F on June 26. Presence of a kit(s) in E was suggested by scats, 
and by the presence of yearlings in 1950. Six dams were built in F and none in E. Age and 


” 


time of capture suggested the beaver caught in F was a ‘‘transient.’’ Time of capture and 
successful trap set (dam) possibly suggested the other was maintaining a dam(s) in E at 
this time 

In 1950 a dam was constructed in E. Nine, damaged by high spring water, were re 
constructed in F. Small scats were noted near the burrow in F (Fig. 1) in August and Sep- 
tember. Two yearling females (No. 9 and 10) were trapped in E, July 24 and 26 respectively. 
A suckled female (No. 8) was caught in F, July 20. At least one yearling was observed in F. 
The data suggested the suckled female may have been the maternal parent of kit(s) in F 
and the yearlings in E, and possibly a resident of both sites 

In E in 1951, a new lodge and a previous winter’s stockpile were noted. Three beavers 
were trapped in dam sets: the suckled female (No. 8) of 1950 on July 17 and August 29, a 
non-breeding adult female (No. 12) on August 12, and a two-year-old male (No. 11) Sep- 
tember 22. Small scats indicated a kit(s) present 
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In F in 1951, eight washed-out dams were reconstructed. Scent mound activity was rela- 
tively heavy. Four beavers were trapped: a suckled female (No. 15, caught as a ‘‘transient”’ 
southern A, 1950) on July 11, an adult non-breeding female on July 25, a kit (dead in trap 
on August 19, and an adult male on September 25. Small scats were not found after the kit 
died. 


The suckled female in F (No. 15) moved from southern A (1950) to F, where she was 





with a kit in 1951. She was evidently inhabiting at least part of the area used by the suckled 
female of E (No. 8) in 1950. The latter was now found as a breeding, resident female in ] 

The adult non-breeding female and the two-year-old male had moved from residency in G. 
1950 (also early 1951 for the male), to E, where they were trapped apparently assisti 





, a very fat 
adult. The adult male in F could hav: 


in dam maintenance, 1951. The status of the adult non-breeding female in F 
crippled animal, was possibly that of a “‘wandering”’ 
been a ‘“‘wanderer,’’ or he may have been the mate of either of the suckled females (or 
both 

Colony Site G.—In 1949 few data were taken. Cuttings were noted throughout the sun 
mer; medium scats in July 

In 1950, two new lodges were noted in the lower end (eastern) ; one apparently abandoned 
before completion. Remnants of a previous winter’s stockpile were found nearby. A new 
dam was constructed in the West Fork above the lodges. Medium and small scats were found 
above the dam and near the burrow in August and September only. Three beavers wer 
caught. A two-year-old female was captured near the burrow in the western part, September 
10, and at the new dam, September 17. A male kit was caught in the same trap with the 
two-year-old, September 10. A yearling male was trapped in the eastern part, August 11 
The relationship of these beavers is not clear, but their subsequent records suggest the 
remained together. The two-year-old female and the yearling male (Nos. 12 and 11) were 
live-trapped in E, 1951. All were commercially trapped within three days in April, 1952 
in southern A. Although the evidence (Bradt, 1938) would indicate the improbability of 
two-year-old with kits, the fact that the two-year-old and the kit were caught in the same 


trap is suggestive. Grasse and Putnam (1950) report a 23-pound female with a kit. The 
concluded she * mated as a year old instead of waiting until the conventional age of 
two.”’ 


In 1951, a previous winter’s stockpile suggested winter occupanc\ The dam was ver 


poorly reconstructed. A section washed out by spring water was replaced, but little subse 
quent maintenance was noted. Water level was little affected. No small seats were found 
Three beavers were caught: an adult male, a two-year-old male (No. 11 caught in G, 1950, 
and in FE, 1951), both near the burrow in the western part, July 24 and 26 respectively; and 
a yearling male in a dam set below the east lodge, September 16. The two-year-old male 
was evidently still a resident at that time, but he soon moved (see record). The adult mal 
was possibly a wanderer, but he may have been a resident since 1950 (although not trapped 
then 

Colony Site H This group of structures is located along an abandoned country road o1 





‘he yearling was possibly one of the 1950 kits 


the south border of the study area (Fig. 1). The water table rises perceptibly in the spring 
but no damage is sustained by beaver structures. A beaver trail leads across the old road 
into an aspen grove 

In 1949 two burrows were used, one in the western part and one in the river pool (Fig. 1 
Heavy cutting was noted in June, followed by light feeding in July and August. No sm 


scats were recorded 





In 1950 a new lodge was noted. It appeared to be used by beaver(s) in June and e 


July, but was occupied by a family of muskrats during August. In September no muskrats 





were observed, and peeled aspen cuttings near the entrance suggested beaver occupanc} 
Beaver feeding was heavy in June and September, light and sporadic during July and 
August. No small scats were found. Two adults, non-breeding females were trapped (No. 7 
and 14). No previous winter’s storage was found. The status of these beavers at that time is 
obscure. They were possibly “‘unattached”’ or ‘“‘wandering.”’ 


In 1951 one of these suckled females (No.7) was trapped August 17 (one day after capture 
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in D), and a female kit was caught on September 8. Small scats were found in August and 
September. No previous winter’s storage was noted 

During the 1952 pelting operation the female kit (above) was taken. Another was caught 
and released. Tracks in the snow indicated an adult in the site. Most of the water was free 
from ice cover. In the eastern part (Lower H or river pool), a one-and-one-half-year-old 
male and the adult female (No. 15) of southern A, 1950, and F, 1951, now in a pregnant 
state, were pelted April 14 and April 8 respectively. Age and time of catch would suggest 
that the male was a ‘‘transient.’’ The status of the female at this time is obscure. She may 
have been wandering or she may have moved her place of residence since July, 1951, and 
was now a resident of lower H. 

Colony Site I1.—No data are available for 1949. In September 1950, a dam was built and 
a burrow used. In 1951, the washed out dam was reconstructed. Light cutting in June and 
July and medium in August and September were recorded. A suckled adult female was 
trapped September 21. Small, medium, and large scats were present in August and Sep- 
tember. Possibly the female was a member of a 1950-51 winter resident pair. 

DISCUSSION AND CONCLUSIONS 

Bradt (1938) concluded from a study of 42 colonies that ‘“The ‘typical’ beaver 
colony consists of an individual family, including the two parents, the yearlings 
born the previous year, and the kits of the current year.” His tabular data show 
eight of 42 with such a composition, nine contained a pair and kits, two a pair 
and yearlings, 11 (one a single female, the others with female(s) and kits or 
yearlings) had no male of breeding age, six a single male, and six a male and 
female. Evidently 34 of 42 were not “typical”. Johnson (1927) based his census 
work on this “typical” colony, but recognized variations. Warren’s (1926) 
observations seem to suggest many variations from this “typical” family group. 
If Bradt’s definition of a colony—*‘...a group of beavers occupying a pond or 
stretch of stream in common, utilizing a common food supply, and maintaining 
a common dam or dams. They may or may not be living in the same lodge or 
burrows.’’—is applied to the writer’s data, colonies ranging from single animals 
to a “typical” family group (B) are found; very similar to Bradt’s tabular data. 

Bradt indicated ‘‘coming’’ two-year-olds leave or are driven out of the family 
in the spring before the birth of a new litter. The present data seem to corroborate 
this. Of eight live-trapped as yearlings, six were not recaptured, strongly sug- 
gesting movement(s) away from the study area. One was recaptured twice as a 
two-year-old, once in the original area (but no breeding female present) and 
later in a nearby area. The other was caught as a two-year-old after moving. 
n the 1952 commercial trapping season two unmarked coming two-year-olds 
were caught away from active colonies. Three marked as kits supply some cir- 
cumstantial evidence as to age when movement occurs. One was commercially 
trapped at the original site as a coming yearling. The other two were not caught 
as yearlings, but both were trapped away from their original sites; one as a 
two-year-old, the other as a coming two-year-old. 

The apparent activities of two-year-olds handled during the summer supply 
some evidence as to their time of “settling”. Two handled in June and July 
(F, 1949; G, 1951) showed no signs of residency. Only one of three in August 
showed signs of settling (A, 1951; D, 1951; E, 1949). In September only one of 
five was judged to be unsettled (B, 1950; C, 1951; D, 1951; E, 1951; G, 1950). 

Johnson (1927) stated—‘. . . males are frequently found living by themselves 
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at some distance from the lodge... .’’ Bradt suggested the male is driven fron 
the lodge before the birth of the young, and lives separately until late summer 
The present data would suggest adult male movement in my study area was mucl 
more extensive than that suggested by either Bradt or Johnson for their areas 
Of the six mature males (three-year-olds included) trapped during the 1952 
commercial season, two caught in active colonies early in March were judged 
residents (A and C), four caught in April away from active colonies were judged 
“transients” (A, B, C). No further data are available until July when Nos. 19 
(B, 1951) and 21 (G, 1951) were captured in areas evidently without resident 
breeding females. In August Nos. 5 (A, 1949) and 1 (D, 1951) were found “un 
attached”. In September No. 1 (B, 1951) was found moving upstream toward ( 
where it is believed he found a mate (C, 1952). September was the first summer 
month in which male adults were caught in areas known to contain breeding 
females (D, F, 1951). This pattern of adult behavior possibly explains Bradt’s 
ten colonies of females with kits or yearlings but no adult males, and six witl 
single males. The fact that 19 of his colonies contained a breeding pair with kits 
and/or yearlings is not necessarily in disagreement with the behavior of males 
indicated in this study. His data were collected from April into November 
(Bradt, 1933). Males were found with females in September in this study 

Non-breeding adult females possibly showed a pattern of movement similar 
in some respects to that of the adult males. This was demonstrated by No. 20, 
“unattached” in July, 1951 (B), and residing in a different area in August (C 
Four others were judged “wandering” or “unattached” at various times (A 
1950; F, 1951; H, 1950). 

Movement of two breedings females was noted. No. 7 (D, H, 1951) moved fron 
D to H in one day. No. 15 moved from F to lower H between 1951 and 1952 

Abandonment of various localities has been recorded on the basis of year to 
year observations of beaver structures by Warren (1927). Bradt recorded the 
movement of an entire colony for reasons of food supply. The present data show 
movement of a group of beavers from site G (1950) to E (1951) and from th 
latter to lower A (1952). No reason is apparent for the first move. The populatior 
pressure evident in E in 1951 could have possibly been a factor in the second 
Gradual break up of a colony and abandonment of a site following the death of 
the breeding female is apparent in site B. 

Territorial behavior was apparently exhibited by the inhabitants of D (1951 
and A (1950 and 1951). Each site had “fringe areas” in outlying structures where 
beavers judged to be “wandering” or “unattached” were evidently restricted. 
They apparently did not use the area utilized by breeding residents. An adult 
male appeared to be defending the ‘resident area’ of D in September. The fact 
that non-residents were not restricted by the physical make-up of the group of 
beaver structures constituting the so-called site appeared to be obvious. Furth« 
evidence that residents may be a restricting factor is afforded by the history of 
site B. The ‘‘typical” colony of 1949 began to disintegrate in 1950 and by 1951 
the site was freely used by “‘wandering”’ beavers. 


The fact that home range and territory in mammals are not synonymous has 


pee 
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peen pointed out by Burt (1943). The same author also stated, ““Population 
density ... may influence the size of the home range and cause it to coincide 
more closely Vv ith the size of the territority - This statement Is apparently borne 
ut by the history of sites E and F. Actually on the basis of continuity ol physical 
structures ol these sites they appeared to be one unit, which was « idently the 
ase in 1950. No. 8, breeding female, used both at that time, but in 1951 No. 8 


as apparently restricted to E. and No. 15, breed ng female , was found using F. 


These data lead to the conclusion that colonies can not be limited arbitrarily 
the grouping of beaver structures in this study area, where they are often 
ontinuous over W de rea 
The fact that the beaver colonies in th study area were not static seems ob 
ous. The numerical population and sex and age composition of colonies changed 


seasonally and yearly. The status of an area or site was liable to change from 


vear to veal | ndoubtedly much ol thi wa d 1e to disturbing tactors such as 
high spring water. Colonies were present which appeared to resemble the ‘‘typi- 


’ colony. These same colonies would not conform at other times. It appeared 


breeding female, if successfu would eventually become the maternal 


member of a family group consisting of kits, yearlings, and possibly, during late 
summer, ia nd inter, an adult male, providing there were no disrupting 
factors. This would constitute not the “‘typical’’, but the potentially ultimate on 
maximum beaver colo 


SUMMARY 
A study in beaver e ology with emphasi on movement was conducted on a 
160 acre area in Missoula County, Montana, during the summers of 1949, 1950, 


nd 1951. and the winter commercial trapping season of 1952 


The area contained a one mile segment of the Clearwater River, a spring creek 
Ul butary, and the lowe! parts ol two othe tributaries 
Che principa! vegetative types on the area were coniferous fores woody 


shrub, emergent aquatics, and submerged and floating aquatics. Woody shrub, 
mostly willow, was predominate 

Data were obtained from live-trapping and recapturing 31 beavers and from 
commercially trapping 15, ten of which were previously live-trapped. Sixty-one 
catches were made. Of the three types of trap sets used, bait, runway and dam, 
dam sets were generally the most efficient, but were surpassed by runway sets in 
July and August 

Beavers were marked DY the Aldous web-punch method, which was found to 
be adequate for the purposes of this study, but the results would not justify its 
use for large scale studies 

Sexing of all age classes but kits was accomplished by establishing the presence 
of a baculum for males, and conspicuous mammae or absence of a baculum for 
females. No method of sexing kits was established. 

All beavers trapped were classified as either kits, yearlings, two-year-olds, or 
adults, by weight, sexual activity and established-age animals 


Beaver activities as manifested by structures, plant cuttings, and scats were 
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recorded to aid in the interpretation of usage of colony sites. Dam building ac- 
tivity was greatest near the first of September. Scent mound activity was great- 
est in July. Food cuttings were principally willow. Aquatic plants were heavily 
utilized in August. Three sizes of scats, large, medium, and small were recognized 
and were believed to be associated with age classes. 

Nine colony sites were arbitrarily chosen on the basis of groups of structures. 
Populations and movements based on trapping and activities were presented by 
these sites. 

Movement from the study area was suggested by six live-trapped yearlings 
which were not recaptured. Two, caught when yearlings and recaptured when 
two-year-olds, indicated movement from their original sites. Three live-trapped 
as kits, and later recaptured, supplied evidence suggesting movement occurred 
during the second year of life. Activities of two-year-olds handled during the 
summer suggested their time of “‘settling’’ was late summer. 

Adult males were found to make considerable summer movements. None was 
found with breeding females in April, July, or August. Four were found in areas 
with breeding females in September and March. Data were not available for the 
other months. Non-breeding females possibly showed a movement similar to 
adult males. Breeding females showed relatively little movement. Instances of 
group movement were limited to two successive yearly moves by a group of 
possibly three beavers. 

Territorial behavior of residents rather than grouping of beaver structures 
appeared to delimit colony boundaries in at least two instances. 

The home range of a breeding female was reduced following the “settling” of 
another breeding female in the same group of structures; indicating population 
pressure may determine colony limits 

The numerical population, and sex and age composition of colonies were subject 
to both seasonal and yearly changes. 

A successful female may become the maternal member of a family group con 
sisting of kits, yearlings, and, in late summer, fall, and winter, possibly an adult 
male. This would not necessarily be a “‘typical’’ colony, but the potentially ulti- 
mate or maximum colony, 
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ECOLOGICAL RELATIONSHIPS OF MEADOW VOLES AND RICE 
RATS IN TIDAL MARSHES 


By Van T. Harris 


Observations and studies of meadow vole (Microtus pennsylvanicus) and rice 
rat (Oryzomys palustris) populations in tidal marshes were made for the purpose 
of determining some of the relationships between these species and muskrats 
Ondatra zibethica macrodon) whose houses they frequently inhabit. Furthermore, 
although meadow voles are known to inhabit coastal marshes, little has been 
previously recorded of their ecological relationships in this habitat. The fluctuat- 
ing water levels of tidal marshes, as compared with upland marshes and wet 
meadows, must impose additional problems of survival on vole populations. 

Studies were made from July, 1949, to June, 1951, on three units of the Black- 
water National Wildlife Refuge, and on an adjacent privately owned marsh, in 
Dorchester County, Maryland. Both live-traps (made from tin cans and museum 
special traps) and snap-traps (museum special and ordinary mouse traps) were 
used in the study. Three areas, portions of units 3, 4, and 9, were systematically 
trapped with snap-traps during 1950 and 1951, and the private marsh during 


1 


1950. The unit 3 area was live-trapped during both years. Other trapping was 





dene occasionally on these and other areas with a few traps 

The work was done incidental to a muskrat investigation supported by a 
Rockefeller grant to the Division of Vertebrate Ecology, School of Hygiene and 
Public Health, The Johns Hopkins University. The Maryland Game and Inland 
Fi 
muskrat study, and permission to use the Blackwater National Wildlife Refuge 
was granted by the U.S. Fish and Wildlife Service. David E. Davis of the Johns 


sh Commission and Department of Research and Education cooperated in the 


Hopkins University kindly read the manuscript and offered suggestions. Facilities 
of the Institute of Human Biology, University of Michigan, were used in the 
preparation of the manuscript. 

Habitat—The Blackwater Refuge includes approximately 10,000 acres of 
brackish-water marshland lying along the Blackwater River which empties into 
the Chesapeake Bay. Most of the vegetation of the marshes may be grouped into 
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two main plant communities. Stands of three-square sedge (Scirpus olneyi) cover 
extensive areas of the less saline marshes. On the more brackish marshes, the 
three-square gives way to salt grass communities composed of varying propor- 
tions of Spartina patens, S. alterniflora, and Distichlis spicata. These three species 
also occur in limited stands along the rivers in the three-square community, and 
S. patens and D. spicata occur as broken zones bordering the landward edges of 
the marsh. 

Water depths on the marsh were measured at 15 stations at approximately 
weekly intervals for 18 months. Tides largely determine water levels, but pre 
cipitation has some effect. The tides are greatly influenced by the wind, and over 
most of the marsh are irregular in onset and duration. Water levels are usually 
higher during summer than during winter. when they are below the soil surface 
most of the time because of prevailing northwest winds. Unusually high tides 
occur during the spring and fall equinoxes. During the study period, water levels 
varied from 11 inches below the soil surface to 13 inches above, but the usual 
range was from four inches below to four inches above. Water usually covers the 
surface for three to five days at a time, but occasionally for a week or longer 
Water depth records for a year suggest that water covers the soil surface of the 
marsh about half the time. 

ictivities of meadow voles and rice rats——Meadow voles were apparently mor 
common in the three-square community than rice rats. All trapping, carried out 
largely in the three-square community, yielded 121 voles and 78 rice rats. This 
difference in abundance between the two species is suggested also by the food 
habits of predators 

Meadow voles were taken at muskrat houses and feeding platforms, in old 
muskrat leads, and in small openings in the three-square. Paths leading from their 
holes in muskrat houses were distinct for short distances, but soon disappeared 
in old muskrat runs and in natural openings in the vegetation. In salt-grass 
stands and in stands of three-square mixed with salt grass, vole paths could be 
traced for some distance. In these paths and at the entrances of holes in muskrat 
houses, piles of cut stems of S. patens, D. spicata, and occasionally of three 
square were found. Similar piles of sectioned stems were often noted away from 
vole paths and occasionally voles were taken there. Such feeding spots appeared 
to be only temporarily used. Sometimes these food piles seemed to be so con- 
structed that they could have been used as feeding platforms when water covered 
the surface of the marsh. 

Meadow voles build globular nests of fine grasses in muskrat houses. Tunnels 
are cut through the mass of dead vegetation, as was observed by Rhoads (1930), 
and may be extensive in houses unoccupied by muskrats. On the marsh surface, 
nests are frequently built among the plant stems at or near the ground. After the 
marshes were burned in winter, nests were easily found, and seemed to be more 
frequent in stands of salt grass than in three-square stands. On two occasions, 
immediately after fires, surface nests were found to contain unharmed young. 

Within the three-square community, meadow voles were common on the unit 
3 area and on the private marsh where the roots of the three-square formed a 


relat 


mat 
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relatively strong mat. They were less common on unit 9 area where a vegetational 
mat was fragmentary. 

Meadow voles are not strictly nocturnal in tidal marshes. They were often 
bserved during the day in this study. 

tice rats were also taken at muskrat houses and feeding platforms, in muskrat 
leads, and in small opening in the vegetation. Their activities seemed to result in 
ess sign that those of the meadow vole. Approximately 40 per cent of 86 rice rat 
aptures were made at trap stations showing no small-mammal sign, while only 
ll per cent of 144 vole captures were made at such stations. No nests known to 
belong to rice rats were observed either in muskrat houses or in the marsh vegeta- 
tion, and only a few paths were noted that might have been made by rice rats. 
One rice rat, caught in a large wire trap set in shallow water, pulled a considerable 
amount of vegetation through the wire to form a platform as described by Worth 


1950). Rice rats were rarely observed in the daytime in this study 


Effect of water level on the meadow vole pop lation.—The means by which meadow 
voles survive tides which cover the marsh with several inches of water for several 
days are not readily apparent. At first it appeared that the voles must depend on 


1 


1e protection of muskrat houses to survive high tides. (The term houses, as here 


sed, include feeding shelters and old houses as well as those occupied by musk- 


1] 
ats.) Records of sign, probably including rice-rat sign, occurring at muskrat 
houses on the unit 3 area of approximately 20 acres, indicate that the houses 


rovided shelter for voles from the higher tides. During July, 1950, after the 
surface of the marsh had been covered by one or 2 inches of water for several days, 
sign was found at 25 per cent of 48 muskrat houses. When the marsh was covered 

foot of water during September, 1950, sign was recorded at 72 per cent of 
60 muskrat houses. Again, in December, sign appeared at 41 per cent of 69 houses 
2 week after an especially high tide. Evidently the higher tides affect voles to a 
greater extent than the more usual ones. It is not certain whether high tides 
cause voles to move to the muskrat houses from the marsh, or whether they 
merely restrict the activity of the voles to the immediate vicinity of the houses 
so that the sign is more concentrated and therefore more apparent. 

On the other hand, tracks and paths of voles have been observed in marshes 
where few muskrat houses were present. For example, tracks in the mud, forming 
paths between clumps of salt grass, indicated the presence of voles a few days 
ufter a tide had covered a marsh. During an especially high tide in March, 1951, 
ten muskrat houses in a three-square marsh were torn apart. One or two voles 
were found in four houses and four voles in one. These numbers of voles in musk- 
rat houses were not unusually large 

Survival during high tides might be accomplished by movement of voles to 
high land surrounding the marshes or to small islands of high land in the marshes. 
However, vole sign has been observed in sections of the marsh as much as half a 
mile from high land, and movements of voles over such distances would greatly 
expose them. Trapping on several islands of high land, a month after an especially 
high tide, resulted in the capture of one meadow vole and one rice rat. The vole 
was taken on a high, grassy island which showed many old runways. A low, grassy 
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island, covered by the high tide, showed abundant fresh sign but no mice were 
taken. During two years spent on the marshes, no observations were made that 
would indicate a large-scale movement by voles to high land during periods when 
the marsh was covered with water. 

Many meadow voles apparently survive periods of high water because of their 
habit of living in muskrat houses. Others, living close to high land, probably 
move there for protection. However, some voles seem to be found at distances 
from high land in areas where muskrat houses are rare or absent. It is difficult 
to believe that many of these voles can survive even ordinary high tides by 
scrambling from one grass culm to another. The problem of vole survival in tidal 
marshes needs more detailed study. 

Notes taken in March, 1951, give some insight into the effect of unusually high 
tides on meadow vole populations. At the peak of the tide, which lasted for about 
seven days, the water was more than a foot deep over the marsh. Along a quarter 
mile of the Blackwater River three voles were seen clinging to branches of the 
high tide bush (Iva frutescens) that lined the shore. Along a mile of the river 
where no bushes were present, three voles were noted clinging to tufts of salt 
grass extending above the water. Three dead voles were washed to the shore of a 
pond in the marsh 

It is evident that an unusually high tide will affect the vole population by ex- 
posure and drowning. The extent to which it reduces the population is unknown 
but it does not exterminate the voles. Fewer voles and rice rats were taken in 
1951 than in 1950, but it is not known if this was due to the high tide of March, 
1951, and to a previous one in November, 1950, after the trapping period of that 
year. 

In order to survive periods when water covers the soil surface of the marsh, 
meadow voles must be able to continue their life activities to a satisfactory ex- 
tent. Meadow voles have been observed to swim and dive by Blair (1929) and 
Peterson (1947), and both writers indicated that the fur showed evidence of 
becoming water soaked after relatively short periods in the water. On the Black- 
water marshes, meadow voles frightened from muskrat houses readily dive into 
the water and swim below and on the surface. During a high tide a meadow vole 
was observed swimming in the river and, at the approach of the boat, it dived 
much after the fashion of a muskrat. Another vole was caught in a trap set in a 
mouse path that was covered with an inch of water. In tidal marsh habitats, 
meadow voles are apparently able to tolerate considerable aquatic activity since 
they live in the marsh and survive even extreme tides. 

Relationships between meadow voles and rice rats, and muskrats. tice rats were 
reported by Stone (1898) and Rhoads (1902) to live in muskrat houses in the 
brackish marshes of New Jersey. Rhoads (1903) also listed meadow mice and 
least shrews as inhabiting houses with the muskrats. Since then few references 
have been made to these mammals in muskrat houses. Harper (1920) records the 
probable nest of a rice rat in a Neofiber house in Georgia, and Ulmer (1944 
caught meadow mice and the hair of a rice rat in traps set at muskrat houses in 


Delaware. In Manitoba, field mice (Microtus) were found to be living, during 
early winter, in association with muskrats (Fuller, 1951). 
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Trapping was carried out mostly at muskrat houses to determine the extent to 

- hich they were infested with mice. Table 1 gives the numbers of voles and rice 
en rats taken. No attempt has been made to convert the catch into population figures 
because areas between the muskrat houses were often not trapped, and because 

there was evidence that some voles were present but not caught where traps were 
"y set. However, the difference in catch between 1950 and 1951 is believed to reflect 
= decrease in population, since differences in quantity of mouse sign were 
: The percentage of muskrat houses at which meadow voles and rice rats were 

al ight on each of the three areas, each year, varied from 11 to 34. During several 


pping periods from January through June, 1950, mice were taken at 48 per 


é the houses trapped on unit 3 (Harris, 1952:29 
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acl oles and rice rats were taken at houses occupied by muskrats and at 
hous cated by muskrats. The total catches at muskrat houses were analyzed 
M 2 by 2 table to test the hypothesis of independence between muskrat occu 
, pancy of houses and mouse captures at houses. The chi-square values for meadow 
les | rice rats (1.69 and 0.03, respectively) are not significant at the 1 per 
el r 5 per cent levels, indicating that differences between mice taken at oc 
a ipied houses and at vacated houses could have been due to sampling variations. 
None of the chi-square values obtained by analyzing the captures for each trapping 
- period in each area were significant. Microtus was taken at occupied houses 15 
“ times and not taken 75 times; at vacant houses it was taken 13 times and not 
taken, 110. Oryzomys was taken 11 times u occupied houses and not taken 79 
. times: at vacant houses it was taken 16 times and not taken 107 times 
At times there was evidence that mice were present at muskrat houses where 
id hey were not caught, and further, we cannot say that a particular mouse lived 


in the muskrat house where it was caught. However, it is believed that the trap- 
ping was an adequate indication that mice showed no greater preference for 
houses inhabited by muskrats than for those deserted by muskrats. 

By living in muskrat structures, mice gain protection from weather and tides. 
They use old muskrat leads in their movements through the marsh and probably 
profit from bits of food left by muskrats. No advantage to the muskrat is sug- 
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gested by the relationship. The circumstantial evidence from mouse trapping at 
occupied and unoccupied muskrat houses would indicate that neither muskrat 
nor mouse was directly harmed by common occupancy of muskrat houses. If the 
presence of muskrats were detrimental to mice, the mice would be found more 
frequently in unoccupied houses. If mice were not tolerated by muskrats, the 
mice again would be more frequent in unoccupied houses, whether they were 
driven away or avoided by the muskrats. The relationship might be indirectly 
harmful to either muskrat or mouse if raccoons and other predators that dig into 
muskrat houses after one species, disturb or feed on the other. Another possible 
effect on the muskrats might be increased aeration in the houses caused by the 
mouse holes. The few observations that mouse holes were occasionally plugged 
probably resulted from a general repairing activity by the muskrats. 

Trapping, marking, and recapturing meadow voles and rice rats provided data 
on their movements and relationships. The live-traps were not placed in a grid 
pattern, but they gave a good coverage of a 324 


o 


acre plot on the unit 3 area 
Trap locations were determined to the nearest five feet by pacing from stakes 
established by tape measure at 100-foot intervals. 

The maximum distance between capture points for individuals taken three or 
more times averaged 245 feet for six rice rats and 125 feet for 11 meadow voles 
A maximum distance of 270 feet between captures was recorded for one of si 
Oryzomys palustris natator retrapped in northern Florida (Pournelle, 1950). The 
average maximum distances between catches of meadow voles given here in- 
dicate a home range more comparable to that of the meadow vole in Michiga 
(14 to 14 acre, Blair, 1940) than in New York (5 acre, Hamilton, 1937). 

All mice that were caught more than once at muskrat houses were caught at 
more than one house. Five rice rats averaged three captures each at muskrat 
houses and an average of 2.8 of these captures were at different houses. Six 
meadow voles averaged 2.7 captures each at houses, an average of 2.3 captures 
being at different houses. Six of 7 rice rats caught 2 or more times were each taken 
both at muskrat houses and at other trap stations, and the seventh was never 
taken at a house. Of 21 meadow voles caught more than once, 10 were taken only 
at stations away from muskrat houses, 6 only at muskrat houses, and 5 at both 
types of trap positions. 

More than one individual of a species and more than one species were some- 
times caught at a muskrat house. The following figures were derived from snap- 
trap and live-trap captures made over periods of four to five days. In a total of 
43 houses yielding meadow voles, two individuals were taken from ten houses and 
three individuals from two houses. In all but two cases in which two or more 
voles were taken at a house, they could have been pairs, or adults and/or litters 
not yet dispersed. Of 41 houses yielding rice rats, two individuals were taken in 
each of two houses, and one at each of the others. Meadow voles and rice rats 
were taken at eight houses: one each at six houses, and one rice rat and two 
meadow voles and one rice rat and three voles each from one house. One vole and 


a house mouse (Mus musculus) came from one house, and a vole, a house mouse, 
and a rice rat from another. On the basis of this trapping, rice rats and meadow 
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voles apparently infrequently lived together in a muskrat house. More than one 
vole in a house was usually due to breeding aggregations. 

Reproduction Meadow voles and rice rats taken dead during March, May, 
June, and July were examined for embryos, and the percentage of the mice 
containing embryos and the average number of embryos are recorded in Table 2 
In addition, two surface nests were found containing young meadow voles on 
December 8, 1949 and on January 25, 1950. A meadow vole nest in an unused 


muskrat shelter contained young on January 29, 1951. Evidently the meadow 


le breeds most of the winter in parts of Maryland and does not necessarily rely 


nm special protective cover for winter breeding. Brimley (1923), in the vicinity 


of Raleigh, North Carolina, found embryos of Microtus pennsylvanicus during 
| T 1 
January, March, April, October, and November, and young during January, 


June November, and De -empe For the rice it, my few data accord with those 
Brimley, whose records indicate that rice rats breed during the months of 


March to November inclusive 


marsh hat t 
MBER R CE AVERA y MBE R CE \VERAGE NUM 
EXAMINE EMBR E {BE EMBR 
Mi } 4 71 0) 
M 107 4( 0 20 9.5 
lune 5 60 ( Tee 6.0 
J 0 0 100 ».5 
) without eml os showed ( y 
‘ , ' ' , 
f 113 meadow voles taken during the study period marsh habitat, 49.6 per 


56) were males. Males (49) constituted 63.6 per cent of 77 rice rats, which 


significant deviation (, 5.72) from a to 1 ratio of males to females fo 
rapped animais 
Meadow voles and rice rats as prey Table 3 records data on the percentage ol 


urrence of rice rats, meadow voles, and other small mammals in stomachs 


und/or intestines), scats, and pellets of certain predators. Pellet analysis was 
ased on the identification of skulls and bones in the pellets. The pellets found on 


muskrat houses and occasionally on matted salt 


grass were most certainly pro- 


1ced by the marsh hawk (Circ 


s cyaneus). Marsh hawks regularly hunted the 
area and the pellets in question were uniform in size, shape, and appearance and 
re the type most commonly found on the marsh 
Rice rats occurred to a less extent than meadow voles in the food remains of 


raccoons (Procyon lotor). foxes probably all } pe 8 ful a), barn owls ( T yto alba 

and marsh hawks, suggesting that rice rats were less common than meadow voles 
in the marshes. The percentages of occurrence of voles were approximately the 
same in the pellets of barn owls and marsh hawks, but the percentage of occur 


rence of rice rats was nearly twice as great in barn owl (nocturnal) pellets as in 
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marsh hawk (diurnal) pellets. This suggests that rice rats are more strictly 
nocturnal than meadow voles. 

tice rats and, to a greater extent, meadow voles form a substantial part of the 
prey of the four species of predators studied. These mice may act to some extent 
as a buffer prey to adult muskrats for raccoons and foxes, since they are presum- 
ably more easily caught. On the other hand, their presence in muskrat houses 
may increase predation on nestling muskrats because of the predators’ habit of 
digging into muskrat houses. The buffer status of the mice is very difficult to 
evaluate since the preferred prey of the predators are unknown. 


TABLE 3 Data and percentage of occ ence of meado oles, rice rats, and unidentified 
111 mammal n food habit materials of fo pre lato F Dorchester County, Maryland 
Some remains of eithe ce rats or meadow voles could not be d stinquished and the y make 
ip much of the unidentified category 
YURCE OF DATA ANALYSI 


Per cent of material containing 





Ma Numt Date Ha { 
Microtus O rr 
Raccoon Stomachs* 150 July, 1949 Marsh and 13.3 3.3 8.7 
May, 1951 vicinit 
Red fox Stomachs* 17 July, 1949 Marshand 47.1 5.9 5.9 
June, 1951 vicinit, 
Raccoor Seats 301 Nov., 1949 Marsh 17.6 4.0 + 
June, 1951 
Fo Scat 10 Nov., 1949 Mars! 49.6 +.8 8 
June, 195] 
Ba oO Pellet 130 Feb., 1950 Marshand 71.5 26.9 6 
Apr., 1951 edg 
Marsh Peliets 79 Nov., 1949 Marsh 73.4 15.2 § 
hawk June, 1951 


‘Stomachs’’ means stomachs and/or intestines 


During a year, from 68 to 76 per cent of the houses dug into by raccoons ar 
houses occupied by muskrats (Harris, 1952:26). This was especially noticeabk 
in spring during the beginning of the muskrat breeding season. Together with the 
indication that mice inhabit muskrat houses independently of muskrat oc- 
cupancy, this would suggest that muskrats attract raccoons to a greater extent 
than mice. However, certain occasions have been noted, especially during winter, 
when raccoons have apparently torn into all muskrat houses, including very old 
ones. 

Summary.—Studies of rice rats and meadow voles in brackish, tidal marshes 
of Dorchester County, Maryland, were made incidental to a muskrat investiga- 
tion. The marshes are dominated by three-square sedge and salt grass communi- 


ties, and the water level usually fluctuated from four inches below the soil surface 
to four inches above. Trapping yielded 121 meadow voles and 78 rice rats. Some 


activities and habits of the mice are described. Some voles are protected from 


COC 
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high tides by living in muskrat houses, but for others the means of protection is 
obscure. The presence of meadow voles in the marsh indicates some adaptation 
to an intermittently aquatic habitat. During trapping periods of several days, 
meadow voles and rice rats were taken at 11 to 34 per cent of muskrat houses, 
but over a longer period they were taken at 48 per cent. Chi-square analysis of 
trapping data indicates that these mice lived no more frequently in houses oc- 
cupied by muskrats than in unoccupied houses. Muskrat houses provide mice 
with protection from weather and tides, but muskrats appear to be neithe 
benefited nor harmed by the relationship. The greatest distances betwee! 
aptures of six rice rats averaged 245 feet, and 11 meadow voles averaged 125 
feet. Both species included more than one muskrat house in their ranges of 

tivity. Two species were infrequently caught at a house, and more than one 
vol appeared to be due to | reeding aggregations Meadow voles do not require 
the special protection of muskrat 


houses for winter breeding. Voles and rice rats 


form a substantial part ol the diet of raccoons. foxes. barn owls. and marsh 


Some evidence suggests that in muskrat houses, muskrats attract rac 
01 to a greater extent than mice 
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PHOCOENOIDES AND LAGENORHYNCHUS IN JAPAN, WITH NOTES 
ON HUNTING 


By Forp Wiike, TAKESHI TANIWAKI, AND NAGAHISA Kuropa 


Porpoise hunting in Japan is a well developed phase of whaling. It has no coun 
terpart in the United States where labor and operating costs are so high that to 
capture and market these small! cetaceans would be unprofitable. In Japan, 
where until 1949 the demand for porpoise products was apparently unlimited, the 
vessels engaged in porpoise hunting increased in number each year until it was 
approximately at the pre-war level in the 1949 season. Thus far, the catch per 
vessel is said to be larger than prewar, although actual catch statistics are not 
recorded. The porpoise and dolphin catch is so much greater in Japan than in 
any other region of the world that it offers an unrivaled opportunity for scientific 
work. (A single company landed 465 right-whale dolphins, Lissodelphis borealis 
697 striped dolphins, Lagenorhynchus obliquidens; and one True porpoise, Pho 
coenoides truei; off Onahoma, Fukushima Prefecture, in May and June 1949 

Hunting.—Most of the hunting takes place off the Pacific coast of northern Honshu and 
off the Pacific and Okhotsk sea coasts of Hokkaido. Our observations were made ther¢ 
The season begins in March near Choshi, Ibaraki Prefecture. By mid-March large schools 
ippear as far north as Hosoura, Iwate Prefecture. Hunting continues along this coast unti 


June, when most of the activity moves northward to Hokkaido for the summer. Some 


hunting may be resumed in the autumn from Fukushima and Ibaraki prefectures but spring 


s the principal season on Honshu. Hunting extends 30 miles from the coast although most 
of it is concentrated in the area from 10 to 15 miles offshore. No legal protection is giver 
dolphins or porpoises in Japan and they may be hunted whenever and wherever thé 
occul 

Harpoon vessels of 20-30 tons, called tsukimbo-sen by the Japanese, carrying a crew o 
10-12, are employed during the autumn and spring for porpoise hunting, and for sword 
fish and shark hunting in the summer. They are powered by semi-diesel ‘“‘hot head”’ or diesel 
engines that give a speed of 7 to 10 knots. A wooden platform projection over the bow 
from which to shoot and harpoon is the most distinctive feature of these craft. Each vessel 
is equipped with a supply of hand harpoons fitted with detachable steel heads. The head is 
nife-like in sharpness and has a short, cable-wire leader attached midway between the 
barbed point and the ferrule of throat so that the head turns in the flesh of the porpoise 
and the pull is directed against the entire area instead of merely against the barbs. The 
solid steel point of the 12-foot wooden shaft is forced into a wooden plug fitted in the ferrule 
of the harpoon head. In operation the shaft is supposed to pull loose from the head and 
float free of the dolphin but is held to the harpoon line by lashing (Fig. 1). Actually, the 
shaft often remains imbedded in the head and its steel point becomes badly bent in the 
struggle of hauling the porpoise aboard. Harpoon lines of 800-pounds test, which are about 
one-fourth inch in diameter and made of manila or cotton fibre, are kept coiled in bamboo 
splint baskets. Small sealed casks are ready to be tied to the harpoon line and droppe 
overboard as floats in the event that more than one porpoise has been harpooned or it is 
necessary to quickly clear the bow of the vessel to continue harpooning 

For most species of porpoises and dolphins a harpoon is merely an instrument for recover- 
ng, before the carcass sinks, an animal that has been killed with buckshot fired from a shot 


gun. True porpoises, which are not wary of vessels and frequently play at the bow o 


moving ship, may be harpooned without shooting. This is true to a lesser extent of any smal 


shot. Many animals can be taken by shooting that could never be reached with harpoons 





vetacean which may approach a ship closely but remains underwater where it cannot be 
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Dolphins are not hard to kill with a charge of buckshot but are difficult to hit. They emerge 
und dive so quickly that suecess often depends as much on skill in anticipation as skill in 
shooting. Whenever possible the hunter follows the underwater passage of the porpoise with 
his gun muzzle and shoots as it breaches for air. A single vessel has taken over 200 in a day 

When dead, the animal’s tail sinks so that the body floats with the snout projecting above 

ater. Of fourteen striped dolphins shot on March 14, five sank before they could be har 
ooned. About one-third of the True and Dall porpoises shot in 1950 were lost. Others 


floate sily for several minutes. Hunters claim that a belly shot causes an animal to 





Fic. 1.—Uprer. Japanese hand harpoon for dolphins and porpoises. Lower. Variation 


the color pattern on the throat, pectoral girdle, and the circumanal area of the True 


yatir striped dolphi: was observed to exhale violently, after which it sank im 


mediately. Seizamo Hamada, a prominent porpoise hunter of Ozuchi, Iwate Prefecture, 


Savs he ha often found dolphins floating on the sea that had been shot a day or 
wo previousl 

Utilizatior Porpoises and dolphins are prepared for sale in the following manner 

Flippe rs, fin, and tail sliced off 

Hide and blubber slit longitudinally from snout to tail along both back and belly, and 


peeled off together in two sections. The hide is often tanned into a low grade leather said 


to be strong in one direction but weak when strain is applied from the opposite way. Oil is 


extracted from the blubber 
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. 7 ° P . . 14 
Head disarticulated from rest of carcass. Fat deposits on top ol head and at the angles - 
of the jaws are removed as a source of fine machine oil r 
Flesh sliced along vertebral projections It can be removed in a single stri| from ¢ el 
, ft 


side of the vertebral column. After chopping through the ribs the belly sections are als 
ible frot 


Viscera are removed. The heart, liver, and kidneys are saved for food and the remair 


free. All flesh is sold for human food. It is dark in color but pal: 





becomes fertilizer. At north Honshu ports the viscera are discarded before the anir Ie are 
brought in for sa 


Skeleton saved for fertilizer 


The market value of a porpoise in 1948 was ¥2,000 to ¥3,000 (¥360 = $1.00). On the mal 























black market the price of porpoise meat was two and a half times the legal price. As might Is 
be expected, most of the flesh found its way into the black market. A sharp decline in pric 00.2 
took place ii 1949 after porpoises, along with fish and certain other food items were remove | 
from rationing controls | A 
Behar Rapidly swimming species such as the striped and common dolphi 
seen in schools a mile from the vessel as they breach sharply, creating white splashes 
jump clear of the water. Because of the shape of the dorsal fin, striped dolphins ars 
to the Japanese as kama tka, me aning sickle dolphir True d Dall porpoises of ens 
apidly through choppy water thereby making themselves visible from a long d 
The same species in small groups may betray their presence only by the quiet emergen Ler 
of the dorsal fir When True or Dall porpoises become aware of a moving vessel the IY 
come rushing in at it, to run before the bow, quickly charging from side to side. The We 
sometimes appear suddenly alongside the ship, startling the unobservant watcl 
quick, sharp, snuffing sound as they biow. Infrequently, the same behavior can be expect M 
from dolphins. The course of the hunting vessel is altered to intercept approaching schools sno 
of dolphins in an attempt to come within shotgun range. However, they are elusive and if sno 
they come within less than 40 yards of a ship, they will dive and dart rapidly underneath AX 
depths of 3 to 10 feet. By a combination of skill and luck it is sometimes possible to | M 
n animal as it glides across under the bow He 
On March 13 school of striped dolphins that was at least one nd one-half miles across T 
was located ten miles northeast of Onagawa. Over thirty minutes were required for it to pases or 
t rate two or three knots faster than the speed of the ship The dolphir Ss were mming SI 
I upid)y in a southwesterly direction toward shore; whole ranks of several hundred br I oI 
s one. Occasionally one would leap repeatedly almost straight up and fall on its ck or 
side, with a heavy splash. When within 15 miles of Kinkazan they appeared to lose the 
desire for urgent flight and began to forage about in various directions. Later in th 
herds of striped dolphins often are accompanied by many right whale dolphins 
On this same occasion three groups of three to five animals were observed i vi 
pair was obvious! copulating The wl ite i one gieamed upwal i ana ther ~ 
great deal of thrashing ibout and lashing ces above the surfac« An Ap] 
ponderance of males in one school (of nine taken, all were males) suggests that the fe é rt 
is attended by several males. These groups were not so engrosse las to neglect to dive betor po 
the vessel came within shotgun range. A female striped dolphin taken March 7, while 
feeding in a school of anchovies, carried a fetus 761 mm. long. It was curled so that t ne : 
ind flukes were touching; the dorsal fin was folded down on the back, and the flukes rolled Lh 
The curve of the back was nearest the genital orifice. A few vibrissae were present on the 
snout, a feature never found on an adult 
Some sexual segregation also occurs among True porpoises. All of fourteen anin take 
between March 25 and May 12, 1950, were males. They came from many schools and over! D 
north, south distance of seventy miles. With one exception, ter others collected fro we 
Miyako, Iwate Prefecture, and north, in the latter half of May, were females. It wil! remat Ing 
for a future collector to determine whether, ir spring the southern part ol tt range ls : 
occupied by males and the northern part by females or whether our runs of male ‘ 
eX] 


females were accidental 
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Far more perplexing was the appearance in May, 1950, of a 14 pound fetus mar ™ 
though in indistinet grav tones, like (rvez, in the uterus of a 320-pound dalli female. Two at 
. to 
expl inations are offered i Perhaps ill fetal phocoe noids have the tru patter te! ey 
. pa of 
issuming the dal pattern u thev are of da parentage the patter of a 10 pou us 
ow! 
fra 











Ne 
» 
\ 
| 
PLATE I | 
Uprer. Ventral color pattern of a True porpoise LOWER. Two female Dail por; Ses 7 
taken off Same, Aomori Prefecture, Japan 
taken 24 Ma was indistinet 2) More likel there is occasional interbreeding bet weer { 
frie ind da Fraser 1940) has suggested the possibilit of crossing between 7 } 
and Gran pus (Gramphidelpl 
In deciding, then, whether P. truei should be considered a species or a subspecies 
relegated to svnonomyv, we mav consider the following evidences 1) The range of 


the northerly animal, overlaps the range of (ruvei, the southerly animal, nearly 200 miles 
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2) The color patterns of the two are distinct. P. true; has a far] 
to the flippers and may have a white throat patch 
alike, discounting individual varia ion. (4) Eacl 


Jalli female carr 
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type tra 
ing 


own kind. No mixing has been observed. (5) A 
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TABI 1.—Stomach contents of True and Dall po poi iat athena i 
March to May nn therr Japar 
ER ( ? F EF MLA 
¥ ME AINING ITEM 
True porpoise, 24 stomachs 
Lantern fis} Scopelida (Myectopl idae .— n ‘ 70 10 
species 
Sudidae. Pare lepis SD) 2 
Watasenia scintillan Q 14 
Squid On nastrephe s sloani pacific: 5 1] 
Unidentified Decapoda eve lenses. beak 9 6 
and pen fragments 
Ha Laemonema n ( m. of the f 7 Gadid 12 1 
100 
Dall porpoise 4 stomachs 
Ommastrephes sloar pacific qr ‘ 
Squ ] v vlasenia s nt llan 4 , 
Unidentified Decapoda ’ ’ 
Ha Laemonema morosu? 9 
100 
Striped lolphin ] stomachs empt 
Lar fis Scopelidae (Myctophidas 77 ‘ 
Anch: Reera anor ) 
Squ Decapoda, beaks and eve ses, prok - Q 
Watasenia sci llan 
I ‘ nhe MOY - ' 
104 
;, sin ling observations are sufficient to maintain the s atus of truei as a separate 
specie or subspecies, at least until someone is ble to make a more conclusive 
au Cowal suggestior ‘It may be that the ei pattern is lor variant, perhaps 
Gcehnite geographic range in certain Asiat waters’’, fits the situation in most re 
“— However, it is difficult to ¢ xplain from our present knowledge whv the color patterns 
. ( ergrade where the ranges of the two types overlap 
ro Lantert fish of the family Scopelidac (Myctophidae comprised 77 per cent by 
ume of the food of the striped dolphins (Table 4). S juids, mostly very small species 
" Ip « seven per cent of the volume but had a high frequency of occurrence, appear 
a, ine out of ten stomachs that contained food. A California specimen recorded by 
Se , 950) had fed on squids Higgins (1919 found sardines in another Californie enest 
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men. Squids may be more important than their volume composition in stomach contents 
indicates. Only their beaks and pens are at all resistant to digestion and these tend to be- 
come trapped in the folds of the stomach. Consequently, an insignificant volume of tiny 
beaks usually remains. It is unknown how long beaks may accumulate,—but probably until 
they become mixed and eliminated with more bulky non-digestible food debris such as fish 
bones. The stomach of a single striped dolphin taken off Kinkasan, Miyagi Prefecture, con- 
tained the beaks of about 750 small squids. Accumulations of one or two hundred are com- 
monly found. 

Lantern fishes were likewise the major food item of the True porpoise, making up 70 per 
cent of the volume in the 24 stomachs examined. Remnants of squids were contained in 
many of the stomachs. The most unusual species taken by True porpoises was fish of the 
family Sudidae, Paralepis sp. (Identified by Leonard P. Schultz and William Leapley, 
Division of Fisheries, U. 8. National Museum), which occurred in three stomachs. Most 
of the members of this family are rare. Some species are represented in fish collections by a 
single specimen. Porpoises feed on these relatively little known, slender, pike-like fish with 
regularity. Remains were found in specimens collected in both 1949 and 1950. 

The four Dall porpoises examined had fed almost exclusively on two species of squids 
In one stomach there were two specimens of a gadid, Laemonema morosum (also in a True 
porpoise stomach), hake-like fish with long filaments on its fins. This fish is commonly taken 
by deep water trawlers but is not considered a desirable fish. 

Four of six Dall porpoise stomachs from British Columbia contained only her- 
ring (Cowan, 1944). Two were empty. Two others of this species, taken by the Fish and 
Wildlife Service exploratory ship John N. Cobb in gill nets, had fed on hake (Merluccius 
productus 

All specimens identified from the stomach contents, except the demersal lantern fish and 
the bottom-living hake, are pelagic. Porpoises apparently select small, non-spiny prey. Two 
species, the anchovy and mackerel, are of significance in commercial catches. The food eater 
by these dolphins and porpoises is similar to that of fur seals (Callorhinus), taken simul- 
taneously in the same area. Both were feeding extensively on pelagic or demersal fish and 
cephalopods rarely taken by fishermen. Further study will be needed to fully understand 
the economic status of pelagic feeding mammals; it will probably reveal extensive utiliza 
tion of relatively obscure forms of little commercial import. No evidence suggests that these 
mammals are exerting an undue drain on the productive capacity of the off-shore areas 
the expense of valuable pelagic fishes 


SUMMARY 


The hunting of dolphins and porpoises for food, oil, leather, and fertilizer is a 
well-developed industry in Japan. Hunting is done in the spring and autumn off 
Honshu, and in summer off Hokkaido up to 30 miles offshore, from 20 to 30-ton, 
motor-driven, harpoon vessels with a platform projecting from the bow for shoot- 
ing and harpooning. Most animals are killed by shotgun but are harpooned to 
forestall sinking. Many more can be taken in this manner than by harpoon alone. 

Striped dolphins, which congregate in herds of up to several thousand animals 
sometimes mixed with right-whale dolphins, are more elusive than Dall or True 
porpoises which are usually in groups of less than 15. 

Copulation of striped dolphins was observed in March, as was a female carry- 
ing a well-developed fetus. Fetuses of both Dall and True porpoises were found 
in May. A series of True porpoises collected from March to May suggest that, in 
spring, the males are in the southern and the females in the northern parts of 
the range. 


The range of the Dall porpoise on the Japanese coast is more northern than is 
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that of the True porpoise, but the ranges overlap more than 200 miles. Dall and 
True porpoises school separately, and no intergrading color patterns were seen. 
Our data do not confirm the conclusion of Benson and Groody that truez is a 
synonym of dalli. 

Lantern fish (Scopelidae) comprised over 70 per cent of the stomach contents 


' the striped dolphin and True porpoise. Squids were the principal food found in 


ol 


Dall porpoise stomachs. Squids were taken very frequently by the other two 
etaceans but made up less than one-fifth of the volume. Commercial fish species 
found in the stomach contents were mackerel, anchovies, and a hake-like fish 
Laemonema. Small cetaceans probably do not exert much influence on commercial 
fisheries 
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GENERAL NOTES 
DOLPHIN PROTECTING DEAD YOUNG 


On July 12, 1952, while in the observing tower of the San Diego County Life Guard Sta 
tion at Imperial Beach, California, Life Guard Lieutenant Allan D. Holder observed, in 
school of four or five, a dolphin swimming at the surface with some object held astraddl 


idle its 
dorsal f 


in. The group was moving alongshore about one-fourth mile off the long sandy 
Perhaps 40 or 50 dolphins were sighted during the day and schools had been seen tt 


n 
more frequently than usual. The one with the object draped over its fin swam at the 


beach 


us year 


like a shark, with its dorsal fin almost continuously exposed, but kept up with the others 
that were rolling out and submerging as usual. In order to make a closer inspection Lieut 
L- 


Holder and a helper put out in a dory and gradually overtook the group. About four tim 


the object became detached, but each time the dolphin came up under it again and continued 


with it at the surface. When approached closely the adult submerged and took off. When tl] 


i 


dory was brought alongside, the object that had been carried proved to be 





sumably newborn dolphin about’four feet long, so long dead that it was |] 


1 th: largel 
boweled and quite limp. After moving off about 25 feet and resting at the oars quietly for 
some time, Holder saw the adult dolphin return and make off again with the dead \ 
hung over its dorsal fin. Two and a half hours later it again passed the life guard 


carrying the young in the same way. Holder feels quite sure that the same individual 


performing each time, for its dorsal fin was a little smaller than those of its companion and 
it was otherwise distinctive 

Many incidents have been recounted of dolphins showing apparent care and solicitud 
for dead dolphins and other objects, even human corpses. In the oceanarium of Marin i 


Florida, captive adults of the Atlantic bottlenose dolphin, Tursiops truncatus Montagu 
is alive (McBride, Nat. His 


have shown great solicitude for newborn young. dead well 
45: 29, 10: McBride and Kritzler, Jou amm., 32: 254 5 
{ ), 1940; McBride and Kritzl Jour. Mar p 1951 








An apparent effort of an adult dolphin to protect a wounded companion een rep 
to me by John F. Janssen, Jr., of the California Department of Fish and Gam« \ Kind 
permits the publicatior of his observation. On October 8, 1939, an adult strip doipnhir 
Lagenorhynchus obliquidens Gill, was harpooned from the M. V. ‘“‘N. B. Scofield’”’ in Bahia 
Ballenas, Baja California, two miles offshore and 18 miles south of the west H 
combe Island. Another adult, thought by Mr. Janssen and party to be the mat - 
beside the harpooned individual, frequently forcing its way between the dying b . 
ship and pushing it away. The skull of the harpooned individual is deposited in the Museu 
of Vertebrate Zoology of the University of California at Berkel No. 95088). P g 
presented by Mr. Janssen confirm the identification cited above. Lagenorhynchus obliquide 
and Delphinus bairdi True are the two common dolphins of the open sea off tl s 
California and Baja California 

The solicitous parent that was observed by Lieu Holds i 4imost su I 
bottlenose dolphir , Tu 8lOps gilli Dall, a species extremely close to the yt 
at Marineland, if not identical. He said it was one of the kind that repeated! yurses along 
Imperial Beach. As I have recently indicated (in the note by Kenyon, Jour. Mamm., 3 
385-387, 1952), 7 irsiops gilit is the dolphin that occurs in the bays and lagoo ul LONE 
the beaches, in and near the surf, in southern California and along the coasts of Baja ‘ 


fornia. | have seen thousands in such habitats, and the open-water species aimo 
penetrate into the inshore habitat of T'u s10p 

I am indebted to Lieut. Holder not only for this data but also for other information r 
garding the marine life of his region. I feel full confidence in the accuracy of his observations 
and reports Cari. L. Huss Scripp Institution « Oceanography Universit yf Ca 


fornia 





. La Jolla, ¢ aliforr a. Received Septemb« 195 


Contributions from the Scripps Institution of Oceanograpl New Series. No. 649 
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SILVER-HAIRED BAT, LASIONYCTERIS NOCTIVAGANS, IN WEST VIRGINIA 


Thaddeus Surber (Proc ird Ann. Meeting W \ Fish and Game Protective Assoc 
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ack ir +} ave Th female fror three es N] Morg ntown was killed as 
er a farm por the two males from fiv nd one-half miles N Upper Tract were shot 
Lhe ircied over pic! rea on the South B ne f Potomac River Available evi 
ow seems to ind e tl the specie g ‘ round resident at least in parts of 
: West Vir 1a um uncertain whether silver-haired bats are now more abundant 
are ( whethe collecting opportunith nave been more tortuitous 
verage and extreme external measurement millimeters) and weights (grams) of nine 
male silver-haired bats, prepared by me, from Greenbrier and Lincoln Counties 


1 


ngth, 99 (90-108): tail. 41 (38-+: foot, 9.9 (9-10): ear, 15.6 (15-16): weight, 8.1 (7.0-9.1 


rearm (dry), 40.6 (39.7-42.0); one female measured 108 x 46 x 10 x 16 9.2; forearm, 41.5 
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The study skins and skulls of the specimen from one mile NE Caldwell and one of the 
specimens from five and one-half miles N Upper Tract are in W. H. Davis’ collection; the 
others are in my possession.—W. Gene Frum, 328 Tenth Avenue, Huntington, West Virginia 


Re ¢ ved Se ple moe 3. 1982 


TWO ERYTHRISTIC RACCOONS FROM FLORIDA 


Two erythristic raccoons, Procyon lotor elucus, were collected in the summer of 1951 by 
Mr. Lamont Pharmer. They were found near Black Sink Prairie, about three miles south- 
east of Citra, Marion County, Florida. 

The two were of similar coloration. The back was dull or inge red (close to3 A 1llin Maerz 
and Paul, DICTIONARY OF COLOR, 2nd ed.), fading to ivory (close to 10 B 1) on the sides and 
belly. The facial mask was burnt umber (close to 15 A 12), outlined with ivory. The tail 
rings were golden brown (close to 14 C 12). The nose was approximately burnt umber. The 
specimens were brought to me as fresh skins; eye color was not noted. The animals, both 
half-grown, were found together. Doubtless they were of the same litter.—WmILFrep T 
NEILL, Research Division, Ross Allen Reptile Institute, Silver Springs, Florida. Received 
October 10, 1952. 


FALL FOOD HABITS OF THE RACCOON IN THE SOUTH PLATTE VALLEY Of} 
NORTHEASTERN COLORADO 


In northeastern Colorado raccoons are increasing rapidly, and in recent years they have 
caused some damage to poultry and farm crops. This factor, particularly, led to the present 
study of the food habits of the raccoon in the region indicated. Similar studies have been 
made in other regions, chiefly in the Midwest and East; but there appears to be no previous 
study of food habits of raccoons (Procyon lotor) in irrigated riverbottom lands such as are 
found on the high plains of various western states 

A total of 97 scats and three digestive tracts were analyzed; all were collected during 
November and December, 1951, in Sedgewick, Morgan, Weld, and Larimer counties of 
northeastern Colorado. The scats were found in a number of places, but for the most part 
were picked up along rivers and streams or near reservoirs. Often large logs or rocks served 
as defecation sites, and frequently yielded several scats. In Morgan County, a number of 
samples were found on the higher ledges of bluffs along the South Platte River. The three 
stomachs and intestinal tracts were taken from raccoons killed on a hunt in Morgan County 

In this study the volume and frequency of each food item was determined. Dried scats 
were broken up and individual items in each measured in a graduated cylinder under uni 
form pressure. Quantities less than 0.1 per cent of the total were listed as traces 


27 per cent, of the scat contents during 





Plant material constituted 73, and animal foods 


the period studied (Table 1). Two animal and four plant foods, each constituting 3.0 per 
cent or more of the total fecal bulk, made up 92.7 per cent of the total volume 

Corn is a highly preferred raccoon food in other sections of the United States, as is well 
known, and constituted over half of the total food volume studied in northeastern Colorado 
Farmers in this area often leave corn standing in the field, thus providing choice food for 
raccoons until well into the fall. The high frequency of corn (82.5 per cent) indicates that 
they definitely sought cornfields for feeding 

Plums, cherries, and grapes were the only other plant foods that occurred in the diet 
in quantities larger than one per cent by volume. Wild plums and grapes were common in 
most of the riverbottom areas where fecal collections were made, and domestic cherry or- 
chards were abundant in Larimer County 

Unidentified grasses and seeds constituted but a small part of the total food volume. The 
relatively high frequency of Russian thistle, compared with its small volume in the diet, 
seems to indicate that it was ingested accidentally while feeding on some other food, prob- 
ably grasshoppers or other insects 

Insects made up 13.1 per cent of the total volume of food, grasshoppers being most im 
portant. Small quantities of beetles and other unidentified insects were found in nine scats 
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mals killed the same night and in a small area. The stomach of the adult female cont 
5 ec. of unidentifiable, green, plant material; the small intestine was empty, and the lar 
intestine contained 144 ec. of corn. The two immature raccoons, one male and one femal 
had empty stomachs and small intestines, but the large intestines contained 110 ce d 97 
ec. of corn respectivel) 

It is impossible to determine from the 100 samples studied how much of the cor 
sumed was waste, 7.e., grain left on the ground after harvest.—Joun R. Tester, Co 
Cooperative Wildlife Research Unit. Colorado A & M College. Fort Collins. Received O 


45, 196 


FORMATION OF URINATING “POSTS” BY HOUSE MICE (MUS) HELD UNDER 
RESTRICTED CONDITIONS 


An unusual condition has been observed in a densely populated colony of hous¢ 
Wus) maintained at the Wildlife Research Laboratory, Denver, Colorado. A rodent 


i 


room with dimensions of about 14 x 20 feet was established in the spring of 1950 to deter 
mine the efficacy of repellent compounds applied to packaging and other materials. In tl 
room is a wide variety of food stuffs in bags and boxes on which the animals subsist 

Although nesting facilities were provided at the outset, the mice (approximately 75 
inimals) soon established living quarters in the containers from which food had been re 
moved 








See 


PLATE I 
Urrer. A close-up view of mouse urinating ‘posts’? formed at intervals of about 3 inches 


Lower. Note alignment of ‘‘posts’’ on storage platform 
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The nests were globular in shape and consisted chiefly of finely-shredded dry grass 
though strands of fresh grass were sometimes incorporated in the outer layers. They had 
no obvious entrance and the runs leading up to them were often indistinct, perhaps because 
each nest was used for a relatively short period. 

When nests containing young were examined, the females usually transferred their lit 
ters to other nests. Their reaction to disturbance varied, however, and some individuals 
moved their young as many as three times in twelve days, while under the same conditions 
others did not move them at all. One female shifted her litter three times in the first eight 
days, finally carrying it into a nest box where it remained in spite of further disturbanc 
Hamilton (1937) reports that in Microtus pennsylvanicus the female invariably moves tt 
young to another nest following disturbance 


Quantitative information on rates of resorption could not be obtained as the litters could 
not always be found immediately after they were born. In two out of nine litters which were 
found shortly after birth fewer young were born than had been diagnosed, and the missing 
embryos are assumed to have been resorbed or still-born (Table 2). Ranson (1941) shows 
that litters in which fewer young are born than palpated may be assumed to have suffered 


TABLE 1 Frequency with which nests found contained young 


Day of lactation a 5 6 7 8 9 10 ll 12 13 14 
No. nests found 9 45 § 2 5 6 i aa aa a 
Total recordings a a 9 7 11 9 ~~ 2 fm 6S lh 
~ 


< recordings in which nests were 


found 69.9 44.4 25.0 


TABLE 2.—Number and estimated age of embryos obtained by palpating nine pregnant 1 


Le 


No. embryos palpated 2 + @ 2 as: See 
No. embryos born a 3 8 2 4 : = 
Error +1 -3 +1 O-1-1-2 O 
Est. age in days of embryos when palpated 12 12 13 15 16 16 16 17 38 
Actual age when palpated assuming gestation = 21 

days 13 11 15 17 18 17 17 18 17 


resorption, because although embryos are missed occasionally during counting, it is almost 


impossible to count more than there really are 
This table gives some idea of the personal error involved in palpation, and shows that 
while the ages of the embryos were assessed with considerable accuracy (the gestation period 
according to Ranson is 21 days), the numbers present were frequently underestimated 
It was difficult to obtain information on nestling mortality as the young were capable o 
leaving the nest when a week old and tended to do so as soon as it was disturbed. Neverth 


less, one young vole in a litter of three was known to have been lost between the 4th 





10th day after birth, and it is extremely unlikely that any of the young survived in two of 


the three litters which were examined just before they left the nest. These did not increase 
in weight after the first week when they weighed approximately 4.5 gm. each, so that on the 


12th day they were considerably below the 6-7 gm. typical of fully-grown nestlings i 


Wytham. They had increased in size but they were very 
} 


, 
closed 


weak and their eyes were still 
These observations will be discussed in another paper. According to Chitty (1952 
in Wales the young first enter traps at a slightly higher body weight; the adults are on al 
iverage heavier than those in Wytham 


The young were normally weaned between 12-16 days of 


age. It is not known whether 
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they left the nest of their own accord or were driven out. The nests were usually falling apart 
at this stage, and even if they had not been disturbed, it is unlikely that they would have 
been used for another litter. In one case, however, a female did move her young into a nest 
she had used for a previous litter 

There was no evidence that the young dispersed far from their places of birth. A female, 
which was ringed with a radioactive ring when 12 days old and was located 18 times during 
the next two months, was never recorded further than 20 yd. from the nest in which it was 


born. Thirteen voles, which were first trapped when they weighed 5-8 gm., and were re- 


captured before they were sexually mature, were caught not more than 25 yd. from their 


original positions. Of 21 voles which were still immature when first trapped, but were ma 





ture when recaptured, only one was taken more than 30 yd. from its original position. Large 


1 Ly 
scale movements, either at weaning or at sexual maturity, were evidently rare. 
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USE OF NEST BOXES IN WOOD MOUSE POPULATION STUDIES 


Artificial nest boxes were found to provide a convenient means of studying small mam- 


pulations by Nicholson (Amer. Midl. Nat., 25: 196-223, 1941), who used small, nearly 

ibical boxes in his investigations of Peromyscus populations. This method was attempted 

l stud of the reproduction and behavior of the wood mouse (Pero nyscus le icopus nove 
e in southern New Jersey (Jackson, Ecol. Mono., 22: 259-281, 1952); but when the 


initial efforts produced comparatively few data, intensive observations were halted. Spo- 
dic observations were made during the course of other field work, and the data gathered 
July, 1950, to January, 1952, are presented here 

The nest boxes, constructed with % inch yellow pine lumber, had inside dimensions of 
1.5.x 4x4 inches. The tops, held loosely by two nails inserted into holes in the sides, could 
easily be lifted up for purposes of observation. A single, inch square, floor level opening 

was located at the back next to the tree trunk. The boxes lacked slide covers over the en- 
nce, an inner screen below the roof, and paint or preservative as employed by Nicholson 
In June and July, 1950, 44 boxes were placed in the edges of two oak woods, each about 
50 acres in size. Placed on tree trunks five feet above the ground, the boxes were about forty 


feet apart, and 10-25 feet from the edge of a cultivated field or an orchard. The woods, 





dominated by white oak (Quercus alba) and scarlet oak (Q. coccinea), had several other 


oak species and some cherry (Prunus serotina and P. virginiana 
Initially, cotton batting was placed in the boxes, and during subsequent visits more was 


added if the original supply had been removed. Only day-time observations were made and 
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consisted of individually marking, by 


Vol. 34, No. 


; 
4 


toe clipping, any mice present, recording their ap- 


proximate weight, noting their pelage and general reproductive condition, and checking 


the condition of the nest. 


times remained or, more often, quickly made their way to the ground and found refuge i 


a hole 


Most of the mice made use of the cotton supply and constructed nests almost wholly of 


cotton. Typically, the cotton was shredded and formed into a hollow sphere, n 
the nest box; ] 
39 (75.0% 


of leaves and feathers 


general 
were constructed of cotton batting; % 4 
3 (5.8%), of moss and leaves; and 1 each (1.9% 


Juniperus virginiana), chicken feathers, 


in following an avian occupancy, 


This globular-type nest served as a sleeping nest; no food was stored, and only sca 


, of red cedar bs 


+ 


5 (9.7%), of leaves and cotton; 2 (3.8% 


the new nest was built on top of or beside the bird nest 


tere 


The marked mice were released in the nest box where they some- 


early filling 
y the nest entrance was near that of the box. Of 52 nests examined, 





and leaves, paper, and hair. When mice moved 


| 
A 


shells and fecal pellets were evident. Though there was often a corner of urine concentration, 





the nests did not become foul and damp as described by Nicholson (loc. cit Probably tt 
less intensive use of the nests in the present case is an adequate explanation of this 
TABLE 1.—Summary of nest box inhabitation: 
19 1951 19 
DATE F at 
OBSERVATI Au Se] 0 N Jar Ma June | July Oct Ja : 
2 14 2 i 28 i 13 20 i + 
No poxes in 
habitable $4 42 42 42 42 4) 35 3] 37 37 25 
No nests witli! 
mice 3 10 9 9 5 0 LA 9 1 11 ” 
30xes inhabited, 
Q% 6.8 23.8 21.4 21.4 11.9 — 14.3 6.5 2.7 29.8 12.0 
No pl iorm 
nests U 0 4 12 1] 7 6 10 9 6 4 
No. mice caught 3 13 1] 24 7 0 5 } l 14 87 
The platform-type nest, in contrast, served as a feeding station. Here the cotton, rathe1 
than being fluffed in a ball, was flattened into a mat-like structure on the floor. Althougl 


there was no storage of food, ample evidence of feeding was present Opened scorns 
cherry pits, empty pupal cases, and fecal pellets littered the floor 


their ind thus leaving empty hemispheres, were the 


I 
equator 


most 


platform nests were found subse quent to the occ upanc¢ of a spheric al nest, suggesting tl 


the platform is a trampled down globular nest 


found after platform, suggesting the process could be reversible 


Considerable seasonable variation in the occupancy rate of the houses occurré 
Part of the 
5 


] variation resulted from some of the boxes being uninhabitable for the mic« 
for a period ol 


time. Some vandalism occurred; tops were lifted off and whole units wer 


tree trunks, 


ripped off the 
other times nests of other mammals, birds, 
houses, for no attempt was made to purge these other animals 

The inhabitation prevalence varied in addition to this. During the spring and early 


mer when the population density was low, fewer mice were observed; but correlated wi 


the maturation of the first litters and the developme nt of the later ones, the percentage ol 


inhabited boxes rose sharply during the late summer and early fall. Two midwinter observ 
tions indicated the downward trend to be in progress 


That 


single mice were found 41 times; pairs of mice, 12; and other groupings, 7. During both bree 


wood mice live alone is indicated by observations of 60 inhabited nests i 


Cherry pits, opened along 


prevalent. In 14 cases 


However, in nine cases a spherical nest was 


thus temporarily reducing the number of habitable boxes. At 


or insects also reduce d the number of available 
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ing and non-breeding seasons, pairs of mice were found. In three cases, immature females 
grey pelage, vaginal orifice imperforate) and in two other cases submature females (transi- 
tion pelage, vaginal orifice perforate) were found with mature males (brown pelage), a pat- 
tern also found by Nicholson (loc. cit). While no very young mice, indicating probable 
birth in the box, were found, one near-term female was marked on August 14, and was found 
in the same box on September 2 with young several weeks old. While the sexes of the imma- 
ture mice were approximately equal (10 oo’, 17 29), the relative numbers of the sexually 
mature mice (32 oo", 19 29) refiects the tendency of the males to wander more and thus 
be caught more. 

Shifting of nests sites was very frequent. In only two cases were mice found in the same 
box on two successive observations: one, an interval of 19 days; the other, 42 days. Nichol 
son found the same pattern and believed the disturbance caused by handling the mice was 
ily a minor factor in this frequent change of residence. Of the 75 mice marked, only eight 
were recaptured a second time; and none of these had moved more than two stations (80 
feet) from their point of original capture 


Numerous other forms of animal life inhabited these boxes. A pair of flying squirrels 


Glaucomys volans) enlarged both the box opening and the deserted, cotton mouse nest. 
Two colonies of bumble bees (Bombus sp.) established themselves in the spring and thrived 
all summer; but in the fall, the bees disappeared and the nests were raided of their contents 


Presumably mice took advantage of the situation for many fecal pellets were in the boxes 


House wren (Troglodytes aedon) nests were started in seven boxes and three broods fledged 
from two nests. The other nests were either never finished or were deserted early in incuba- 
tion for unknown reasons. 

Many invertebrates lived in the boxes with the mice. Wood roaches (Parcoblatia pennsyl 
vanica) occurred in most boxes. Although it is known from stomach analyses that wood 
mice will eat wood roaches (Jackson, loc. cit.), there was no evidence here of interference 
between these two species. Hornets (Vespa sp.) built nests from the ceiling in boxes both 
occupied and deserted by mice; spiders and their webs frequently were located also in the 
tops of boxes. In neither case were there evidences of conflict with the mice. Clusters of 
ints (Camponotus sp.) and nididulid beetles were found in several boxes contain- 


ing deserted mouse nests 





ant help during these studies 





Ackr owledge ments Dr David E Davis has been of cons 


Dr. C. W. Thornthwaite of the Johns Hopkins Laboratory of Climatology, Seabrook, N. J., 

and the Seabrook Farms staff were most generous in giving of their time, facilities, and 

idvice.—WIL.1aM B. Jackson, Division of Vertebrate Ecology, The Johns Hopkins Univer- 
Baltimore, Maryland. Received Septen ber 4, 1952 


TRANSMIGRATION OF FERTILIZED EGGS IN PEROMYSCUS 
1ammals, most of the ova are shed into the funnel of the oviduct and are fertilized 
in the upper portion of the latter. They then descend to the uterus of the same side and 
implant there. Occasionally an ovum from one ovary may be fertilized and transported to 


uterine horn of the opposite side. The occurrence of this phenomenon, here called trans- 


migration, is doubtless often masked by the impossibility of associating any given embryo 
with its respective corpus luteum. Nevertheless, during the routine examination of near 
ter! aboratory-bred, female deermice of the genus Peromyscus, several probable cases of 


nsmigration were observed 
5 gravid Peromyscus females examined, five possible cases of transmigration of 


ertilized ova were found in them. In five matings of Peromyscus polionotus leucocephalus, 





female was obtained in which the number of embryos in the left uterine horn was greater 


I the number of corpora lutea in the ovary of the same side. This could have been due 
to the migration of a fertilized egg from the right to the left uterine horn, but it might be 
explained as well by polyembryony or polyovulation. However, in three other instances 
two cases in matings of P. maniculatus blandus, and one in a mating of F, hybrids of 9 
ee . : 


dus X ¢& bairdi), all of the right ovaries lacked corpora lutea, while the right uterine 
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orn contained either one or two embryos. In these cases, the possibility of polyembryon) : 


or polyovulation does not provide an explanation. It is probable that they resulted from 





right transmigration of fertilized eggs. In still another case, found in the cross 
mating of 9 blandus X co bairdi, the female had two normal fetuses in the left uterine horn ( 
embryo in the left mesometrium, but only two corpora lutea 


le ’ . 
lt of polyembr 


} ] } ] 


and one partially resorbe 





were observed in the left ovary. This extra embryo may have been the resu 


ony or polyovulation, or it might be that the partially resorbed embryo in the mesometr 





was a remnant from a previous pregnan This extra-uterine embryo, however, offers 
direct evidence that fertilized eggs sometimes fall into the peritoneal cavit 


It has been shown in domestic ils that if an ovary is removed but the funnel ar 


the oviduct of the same side are 





ict and the othe r ¢ vi luc t 18 closed. a normal preg 


nancy can follow. The ovum must therefore be liberated from one ovary, cross the int 


vening Space in the peritoneal! cavity, and pass dow the uterine horn of the othe 
side (Dukes, THE PHYSIOLOGY OF DOMESTIC ANIMALS, 1943). Brambell (Proc. Zool. So 
London, 114: 1-45, 1944) reported that such transperitoneal migrations have occurred i: 
the wil i rabbit, Uryctota d cur iculu Pometimes, however the blastocyst 1s know t 


pass from one uterine horn to that of the opposite side 





the corpus uteri. Warwi 





1926, cited from Dukes, op. cit shown th: semi-spayed sows. Hall an 
: 





Davis (Texas Rpts. « Biol. an d., 8: 564-582, 1950) have stated that the tra 




















tion of fertilized ova is unlikely to occur in the rat, due to the anatomical structure of tl 
female reproducti ystem, but no physical obstacle has been detected in the corpus u 
f Peror 

In summary, several cases in Pero ( embryos h been found in a uteé 
horn without corresponding corpora lutea in the ovary of that side cannot be explained 
either polve mbrvyon or polvyovulatior Th most reasonal ation of these cases is 
that fertilized ova hav: migrated from one side of the bod A} irtially res 
embryo found in the mesometrium gives evidence tha f 1 could cross throug 
the peritoneal cavity from an ov: to the opposite uterine horn. The transmission of bla 
tocysts through the corpus uteri also appears to be possible in Peromysc T | 
Instit of Human Biology, University of Michiga inn Arbor. Received Sept 

w 

IS SIGMODON AUSTERULUS A VALID SPECIES 

Bangs (Bul. Mus. Con Zool., Harvard U1 1902) des ; 
fro ingle specimen cen by W. W. Brov Jy fror ‘ ‘ { 
This he did partly on the basis « 1 more hispid pelag | 10 g 
t than S. borucae ind part because Mr. Brow lid n¢ nr n Pe 
n the forested areas lying between the lowlands and the top of the old volean. We sp 
weeks on top of Ei Volcan de Chiriqui trying to take this animal. We secured large s 
of Reithrodontomys « reper and R. austra iicar und Scotinomy zeram pe 
level floor of an old crater an elevation of approxin 10,600 feet. We too ero 
nudipes and Oryzomys devius in the wooded surroundings. But we did not cap 
Siqmodon. Fire has burned out the ‘“‘Potrero’’, as it is know cally, several times 


blamed our failure on fire. We have collected long enough to know that it is foolhar : 
well as unscientific, to assume that an animal is not present unless we take it, but the reas 
for our failure was given when Henriquito D’Arcy visited the ‘“‘Potrero.”’ D’Arcy worl 
with W. W. Brown, Jr., and has worked since as a collector « irds and mammals. H 
knowledge of the fauna is astounding and the accuracy of his observations a constant s 

of wonder to the mammalogist. When he visited the ‘“‘Potrero’’ we showed him our 

tion and spoke of our failure to take Sigmodon and Syntheose Pointing to a patch « 
grass in the northwest part of the old crater he said: ‘“That is where S gmodon was caug! 
We had trapped the area for several weeks and told him so. Then he said he thought 


’ 
understood our failure. The Sigmodon described by Bangs was t by a native helper of 





Brown’s one morning after his return from a trip to his home in the lowlands near Boruc: 





5S GENERAL NOTES 





19 

fter Brown had promised a bottle of wine to any man who captured a Sigmodon at 

Ititude. While it may m almost frivolous to reach a decision in taxonomy on this 

[ feel that the name Sigmodon austerulus should properly be considered as a synonym 
lon borucae.—Roxsertr K. ENpvers, Department of Biology, Swarthmore College 

thr é Pennsylvania. Received Septemt 195. 


THE TYPE LOCALITY OF SYNTHEOSCIURUS BROCHUS 





type locality of Syntheosciu rch is giver Bangs (Bul. Mus. Comp. Zool 
vard Uni 39: 25, 1902) as Boquete. The inference is tha lis species came fr m El 
de Chiriqui. This is not the cas is Bangs says, “‘It is unknown to the 1 vi 

ww. W. Riewe chest Gite oe 


ers.”’ When we asked Henriquito D’Arcy, collector for : 











r he said that the ti yeEcimMeE fre whi t genus was desc! 1 wel ken o1 
( lillera not on the Volcan. To prove his contention he went t Cordill nd 
ted the squirrel. All togethe e | s er 121 ths collecting on the Volca 
ut seeing Syntheosciur But later v ed on the Atlantic slope of the Cordiller 
observations on the life histo f tl t ] n is well as collecting a series 
| using our oO obst ons 1D’A and kr ve recomme!r 
it hesitation, placing tl pe lo ty on the f bou north of Boquet 
Soquete whi is he k slope Volean de 1 Ropert K 
rs. Department of B Swarth g j luania. Recs 
é 95 
GREY SQUII ELS BOR \ ) RAISED IN CAPTIVIT 
] preser ecoul how t gre squ S ca i 1 nensts 
t I rais in Cay it Is cOnS g Ss publishe ccounts on this 
he han t by Shorte Proc. Z S Li 121, pt. II, Aug., 1951) ap 
be fe SI f esc s tw S 5 er some years ll! ptivit 
her of the t esc ed below w g Ww intil captur box trap two 
before delivery. During this period, s t number o nor proce 
uding bleeding 1 etheri m. Paly l unaesthesia revealed the pres 
rge embryos. Accordingly a ( tt vas placed in her cage. This cage had 
bottor n sur f 15 incl W squirrels make little attempt to get out 
8 small cag nd appear qui I ¢ ones. On Augus 1952, when the 
gar wo voung es, it was decided t terfere with her as little as pos 
\ , ‘ g t i i ne st erfered wit in any way Ior 
ng nic t cag . I Usuall it was difficult to catcl i 
ing. W eKs, the ere tairi ctive and made an odd asso1 
jueaks. On August 20th hair firs pparent on their bodies 
ug! mered vari ( oods, the mothe led largely on sweet potatoes, raw pea 
cK Wwainu whe ivaliable one vould immediately seize cicadas or grass 
piace f ige and eat them avid! Raw rabbit meat was also eaten. As I 
that a mother squirrei in my garden gnawed old bones almost dail ] placed a ham 
+t from 


wear her teeth down or, as I suspect 


| chiseled off 


the cage. The mother gnawed it, either t 





: ig fe squirrels, for the salt and minerals present, for the bone meal 
consumed 
On August 26, 344 weeks after birth, the small squirrel cage was placed inside a larger 
ind fresh cotton provided. The mother built a new nest and transferred the young 


On September 16, 614 weeks after birth, the two young ones were removed. Both were fe 
es and both weighed 130 grams. One of the young was then successfully raised as a pet 
administered with a dropper every 
is left with the mother. This 


The othe: squirrel w 
September 30th, at which time 


on homogenized cow’s milk and Pablum three or four 





hours by day, none being given at night 


squirrel weighed 170 gms. on September 24 and 208 gms. on 
date it was removed from the mother 


measured 335 mm. in total length. On this latte: it 


ly 


to be reared separat 
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Addendum.—In the late winter and early spring of 1953 eight more pregnant squirrels 
were obtained from the vicinity of Bethesda, Maryland. All of them gave birth and raised 
a total of 17 young ones under conditions similar to those described above, except that the 
young ones were handled frequently in the course of experimental work. The mother squir 
rels appeared quite tolerant of this interference.—LAwRENCE KiLHAM, Department of Healith 
Education, and Welfare, Public Health Service, National Microbiological Institute, Nationa 
Institutes of Health, Bethesda, Maryland. Received October 29, 1952 


DISTRIBUTION OF CITELLUS TRIDECEMLINEATUS IN ILLINOIS 


In areas of northern Illinois the 13-lined ground squirrel occurs in great abundance, but 
in the southern one-third of the state this squirrel appears to be almost entirely absent 
Carl O. Mohr (Trans. Ill. Acad. Sci. 36: 177-178, 1943) has noted sight records of Citellus 
t. tridecemlineatus in Madison, Macoupin, Greene, Pike, Sangamon, Christian, Shelby, 
Cumberland, Clark, and all counties north of these listed with the exception of Jersey, 
Calhoun, and Scott counties. The southernmost extent of this squirrel for which specimens 
are known to exist are Champaign and Piatt counties (Univ. of Ill., Mus. of Nat. Hist. 
Macon County (R. M. Wetzel, Trans. Ill. Acad. Sci. 40: 228-233, 1947), and Sangamo: 


| 


County (Ill. State Mus., Springfield). Additional, well verified reports, add Montgomer 


County (Litchfield and Hillsboro) to the list of counties for sight records 

If the Mohr records and the additional records for Montgomery County noted above ar 
compared to a soil association map of Illinois (Univ. of Ill. Agric. Expt. Sta., May, 1945 
it will be seen that these squirrels occur predominantly on medium or dark colored soils 
and not on light colored soil 

The most notable exception to this observation occurs in Jo Daviess County in the ex- 
treme northwestern corner of the state. Mohr notes seven occurrences of Citellus t. tride- 
cemlineatus in Jo Daviess County. It might also be observed that Jo Daviess County bor 
ders an extremely high concentration of this ground squirrel and population pressures might 
very well be the main cause for the occurrence of this animal in that area-—Roserr B 
Cutasson, Department of Zoology, University of Arizona, Tucson. Received September 26, 


1952 


THE CHIPMUNK AS A PREDATOR OF THE ADULT YELLOW 
SWALLOWTAIL BUTTERFLY 


During a visit to Lake Buel in Berkshire County, Massachusetts, on June 9, 1952, | 
found a seepage spot on the west shore of the lake where swallowtail butterflies (Papil 
glaucus Linn.) were congregating on a small mud flat about two feet in diameter. A closer 
examination revealed that the area was littered with wings of this species. The majority 
of these were untorn despite the fact that the butterfly bodies were missing. Most of the 
wings were scattered over an area of about five feet in diameter; three wings were later 
found fifteen feet from the area of greatest concentration. It was evident that some of the 
destruction had occurred a short time before my arrival since some of the wings were not 
yet adhering to the mud surface where they had been dropped 

Choosing a place of observation about forty yards from the landing site, I had a clear 
view of the area with 7 x 50 binoculars. Within ten minutes seven butterflies had returned 
to the spot where they had been resting prior to my arrival. Shortly after the last of the 
butterflies had landed, a chipmunk (T'amias striatus lysteri Richardson) emerged from under 
a building near the butterflies and stood erect for several seconds peering over the top of 
the grass separating him from the butterflies. He then dropped to all fours and scampered 
through the grass and came to a stop on the mud flat about one foot from the butterflies 
Oddly enough his sudden arrival did not startle them, although he was not concealed ir 


any way. After a brief pause, he pounced on the concentration of butterflies and pinned one 


to the ground with his flattened forepaws 


Once the insect had been secured, he sat up and deftly bit off each wing at the base. The 
body was then manipulated in such a way that the abdomen was uppermost and while in 











( 
i 
18 


toric cave in central Coahuila. The 


il elements 


November 17, 1941, at Puerto Kino, Sonora 
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position it was quickly consumed. The head 





1d thorax, with the legs still attached 
dropped, and the animal apparently lost interest in further feeding and wandered off 
iring which time the animal 1 


I mar 


ited several minutes dt 


e no attempt to return to the 


revealed 142 individual 
¢+ 25 


ast 35 adult butterflies 


therefore 


1r. Many wings v 











igs were water soaked and pressed or 
rfac the mud this type of feeding had been going on for some time 
ppeared to | bundance of chipmun! the general vicinity, although only 
ctually seer the immediate area of the butterfly landing site. Many of the ani 
observed in the surrounding territory were carrying material in their cheek pouches, 
ting tl the food suppl was anit ba enenill 


quite abundant.—W1iu1am A. Morris, Department of 
Amherst. Mas Re Is 


r ¢ Hsente é 8 


TROUT ENCOUNTERS PORCUPINI 





















ig yhen Kilian of Lakews Colorado was fishing on the Nort! 
the S iver below Foxt Col lo. Among the day’s catch w a 
Stout uated which catwar had the general healt! ppearance of several 
+} eal On ek ing the fish, however, Kilian was startled to find five short por 
1ills completely embedded in the flesh of the back about midway from head to tail 
vere ¢ ected verticall hrough tl bod TI tips of two of the qu lls had reached 
the bax idjacent to the dorsal fin. I ould a r that they had entered the 
the ventral surface and | reed their w upwardly. That the quills had been 
body for some time was evident from the congested condition of the flesh surround 
haft anmne of than 
ly conjecture as to wl happene produce this unus situatior 

ond of prowling g stre s ng the summ« nd it is not uncommon 
‘ g or eve swimming ross i Y . eams. It is concei yle hat the tuft 
I hairs of the porcupir n e served vhen struck by the 
, reenons whi ‘ +} ; ¢ } ric ‘ fina chante was writter 
} ane pparently not hampere: the = tilettoes. fe to the lure of the 
| | K MRBACI } } y f Q, re Denve Col, ] Received 

Q 5 


oO derable numbe ( records < the porcupine Erethizon dorsa fron 

the range and habitat thought to be norn for the species. Some of these are prot 

he result of transportation by humans and subsequent release or escape. Other rec 
licate a tendency for some individuals to wander long distances from their normal 
eve to es pe gener novice ir regions pern inentl Dut sparsel i habited 
Univ. Arizona Biol. Sci. Bul., 6: 29-31, Ju 1935) gives several records of porcu 
found in the desert areas of southwestern Arizor Monsor Jour. Mamn 29: 182, 

gives an additional record for desert area < 


yf Arizona, and Jaeger bid., 30: 200. 
ecords porcupines from the Mohave Desert of California 


present record concerns specimens from the lower flood pl: 





of the Rio Sonora, 
) the Gulf of California. It represents the first Recent porcupines of this species from 
known to me except tl 





at Gilmore bid., 28: 158, 1947) records many bones from a 


record is the extreme southwestern one for the 





o extreme as to habitat, as the flora and fauna of the area contains some 


I purchased a live porcupine from a Seri 
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and 
so driving it out. Scorched quills on the rump and tail were evidence that the animal had 
been burned. The animal had been caught about six miles north of Puerto Kino in a mes- 
quite forest growing on the flood plain. It had been kept alive by the Seris as a curiosity 
My inquiry for details was hampered by the fact that the Seris did not like to speak Spanish, 
at least t« 


I 


who had obtained it six days before by setting fire to a woodrat nest in a mesquite tree 


a strange foreigner, and also because my command of the language was limited 
I gathered that the Seris considered porcupines to be exceedingly scarce in the vicinity, 
but I had the impression that they had known of porcupines there previously. On the other 
hand, Sefior Fernando Camou, who knew the country and the Seris well, had never hear 
of porcupines there before and doubted that the Seris had either. 

I brought the animal alive to Berkeley with the thought that I would keep it alive until 
it had replaced the burned quills, but on November 25 I prepared it as a skin and skeleto1 
It is now No. 97792 in the collection of the Museum of Vertebrate Zoology. It was an in 
mature female with the deciduous premolar still in place and weighed 644 pounds when ir 
poor condition 





I returned to the area a month later and heard further reports of porcupines. At first 
I thought these all referred to the porcupine I had already obtained, but it became clear 
that another had been found or the stories hopelessly garbled. However, on January 5, 
1942, Sefior Luis Felix, of Rancho Palo Alto, in the flood plain of the Rio Sonora, about 15 
miles northeast of Puerto Kino, showed me some quills taken from a porcupine killed on a 
neighboring ranch. Sefior Felix had never heard of porcupines in the area before althougl 
he obviously knew most of the mammals of the area. He said that this occurrence had ex 
cited much local interest and that several people had taken quills as souvenirs. The next 
day I visited Rancho Santa Ana, about 45 miles west of Hermosillo, and interviewed the 
proprietor whose name I neglected to record. He took me to the cornfield, which was sur 
rounded by a forest of palo verde, where the porcupine had been found and killed by a boy 
in November, 1941. The carcass had been hung in a palo fierro, but had been torn down and 
scattered by vultures and carnivores. I recovered quills, a number of vertebrae, limb bones, 
ribs, and a skull fragment. These indicated that the animal was about the same size of the 
one I had obtained at Puerto Kino 

The rancher informed me that he had scen human shaped tracks near the cornfield bef 
the porcupine was killed and had been puzzled by them. The killing of the porcupine settle 
the identity of the tracks. He also said that tracks had been seen after the porcupine was 


killed and that they were of two sizes, indicating a mother and young. This indicated tt 
additional porecupines were still in the area. It seems possible that the two specimens ol 
tained were the young since the two were taken in the same month although from places 
about fifteen miles apart 

The opinion of the ranchers was that the porcupines had strayed into the area from so! 
where else rather than that they had been brought by some person because, since local news 
travels quickly and the area sparsely inhabited, they were sure that they would have hear 
of any introductior 


In view of the Arizona records cited by Taylor it is probable that the animals came fron 


the northeast by going south through the mountains and foothills and then going west along 


the Rio Sonora. Although the river is waterless most of the time on the flood plain, trees 


grow along the stream bed, and in the flood plain there are large stands of palo verde, palo 


ferre, mesquite and other shrubs of tree : view of the wide range of plant materi 





eaten by porcupines there is little doubt ese could furnish food for them 

I have tentatively identified the specimen as Erethizon dorsatum couesi, chiefly on ge 
graphic grounds.—Seta B. Benson, Museum of Vertebrate Zoology, Berkeley, Califor 
Received September 14, 1952 


NUTRIA (MYOCASTOR COYPUS) IN CALIFORNIA 


Feral nutria, or coypu, have been in Stanislaus County, California, from 1945 to the 


present (1952) as a result of escapes from a farm located about ten miles northeast of Mo 
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1d about four miles southwest of Oak« 


rison, Murrelet, 24 (1): 3-9, 1943). The 





> | l 
na ] 


The 


and so the ¢ 


farm operator located near Oakdale unim 
the 


erfering with fox breeding 

















history of 
when about 30 nutria were purchased from Ramsey, New Jersey, 


ils proved too noisy 


sold to a neighbor on March 5, 1944 This pure ha 
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lale nge the West 
‘alifornia started 
1942, by 


ind were thought to 


This extends their r: in 
the tion in ¢ 


in August, 


introduc 


a fox 


ne 


ntire lot consisting of 33 animals w 


el d a eight mors 


shipment of 

















| itria from Avery Island, Louisiana, on March 28 of that year. By then the total stock cor 
her sisted of five males, 13 females and 23 young, five to seven months of age 
r It from the latter location that an unk number of individuals managed to 
ipparently over a period of several years from 1945, or earlier, to 1948, when feral 
lividuals were first detected. By the end of 1951 more than 100 wild nutria had been 
| pped,. or killed by dogs. in control ype I | the Stanislaus ( ount) Agricultural 
I ( issioner, ( S. Fis 1 Wildlife Services ind farmers. Of the ts trapped and 
| l were males: 17 were females Tr ipping recor ls indicate that the istribution of 
fe populatior one time extended at least to the Stanislaus and San Joaquin rivers, 
Irs n addition to marshes, irrigation canals, and smalle treams bordered by the above rivers 
r I the Tuolumne R No know! popt l 10! wild nutri 10ow exists in California 
7 however, it is not likely that ll wild individual esult r fron he bove escapes have 
15 r lie ated 
5 oO won for believing tl | , ‘ has probablv not been dest — eS 
ig the animals are difficult to locate. During 1950 spectors found evidence of nutri 
¢ t vamps, one about two miles west of the escape, the other about one mile to the soutl 
é The Fish and Wildlife Service county predator n rapper, whose assistance was 
d, removed 15 animals from one sv p. Whe Oo more wt caught or sign seen 
Ir ed to the next swamp. No individuals were upped in the second swamp, no 
" irthe ndications of their resence eithe are vere for 1 even thougl both places were 
| surveyed several months longer. In 1951 I rapper again set traps in the two 
8 s ps and caught a total of 30 animals 
I first mmdication that itr had es pe é ) le was in 1948. when Milo M 
> Agricultur Commissioner of Stanis Count eceived omp! int that musk 
I caused a break ir ie bar irrigati ‘ |. Investigat revealed that the 
( had been caused ut? It w the earned that the game \ len of the Depart 
F ich nd Game had recent] hes r for permission to kill beaver 
I re damagi! banks. Permissio grante ce the w len knew there were 
n the a mer pumped th the tule-lined ditch, which was 
. , se } ‘ porte } his dog kil ! > nutri I he 
sire ur ( f st e] otential ard 
e hig evelope ind ersif gricultu crops outweighs the small vield 
I ould be produced (Atwood, Jot Wildlife Mg ] 49-265, 1950). Mucl 
f land i he State rigated ear £ S i yurrowing habit 
igh e cost n the estructi lite! I S 1s tne cast ith muskrats 
ne tablished in the Sacramento Vall ind are considered f LgT ural 
fur resource by the Department of Fish and Game. Some of the drained and cul 
r regio protected bv levees, where the Sacramento an Sar Joaqui! rivers 
£ mucl hig 1d ind flood lev« Also ich « the State’s 
s iters lirt inks. It is obvious, ther why Milo 
i who infor ti or this report nd others of us are 
neerned about tl stablishmer ) itri California.—Wattrer E. Howarp 
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son (Ecology, 30: 536-542, 1949), which utilizes the see-saw type of treadle originated by 
Seth B. Benson and William H. Burt at the University of Michigan. The objective was to 
have a mechanism that is simple to construct, easy to repair, and relatively free of the floor 


of the trap so that bait and other debris would not interfere with the working parts. (These 


requirements have also been satisfied by a trap designed by Fitch, Jour. Mamm., 31: 364 
365, 1950 
The proportions between the lengths of the different arms of the wire trigger are easil) 


determined by trial and error for any size trap or wire used. Fairly heavy wire is recom 
mended; No. 11 galvanized wire (W & M Standard Wire Gauge) proved more satisfactory 
than No. 16. When the two ends of the wire are held between the fingers, the mechanisr 
should rock forward if properly balanced. After a trap has been assembled it is still easy 
to remove the trigger with one’s fingers and bend the wires to alter its sensitivity. The ends 
of the wire may project through holes on the sides of the trap or, to avoid having the ragged 
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Fic. 1.—A cut-away view of the wire trigger mechanism. Small indentations in the trap 


walls hold the blunt but pointed ends of the wire in place 


ends sticking outside the trap, a better method is to make small indentations in the walls 


to hold the blunt-pointed ends of the trigger in place 
There is no limitation as to the size of traps incorporating this type of trigger. The traps 
are easily set by holding them horizontal and pushing the door open. When the door 


opened it rocks the counter-balanced trigger backv 





ards, but the device quickly settles 
forward again and holds the door open. The trap is set off when an animal gets near the 
back and touches the wire trigger. The mechanism has been used successfully for severa 
years in traps constructed both of sheet metal and of hardware cloth 
Acknowledgements are due Robert Holdenried, Daniel H. Brandt, Jay C. Quast, and 
David H. Wiltsie for their assistance in testing the trigger design in field trapping and for 
their favorable reports on its success 


Also, appreciation is expressed to Young’s Animal 
Trap Co 


Sunnyvale, California, for their cooperation in manufacturing live traps made 
of hardware cloth that contain the above-described trigger —WaLter E. Howarp, Depa 


/ 


ment of Zoolog 1. University of California, Dar Received October 28, 1952 


COMPARISON OF CATCH OF TWO SIZES OF SMALL-MAMMAI 
LIVE TRAPS 


During the live-trapping of small rodents at the San Joaquin Experimental Range, 


O’Neals, California, using Sherman-type traps of two sizes, 


3x3 x10 and 2 x 2.5 x 6.5 inches, 
it soon became apparent to the junior author that the larger models were more successful 
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these views by making a comparison between the catch of the two kinds of traps, the 
uuthor kept a record of the size of the trap animals were caught in during part of 
study (Habitat preferences of rodents on grazed and ungrazed foothill pastures in 
rnia, Univ. Calif., M.A. Thesis, 1950 
test was lesigne i to be as randor sp cai} +} gard to tl listril + ‘ of the 
s of traps. All traps were « ned ithe triggers checked for sensitiv before the 
I t was started. The trapping was done between January 17 and March 7. 1950 
eparate plots, each four acres in extent ith the traps placed at the ir sections 
U t grid. Each plot was trapped with 128 ps, 64 large and 64 s ll ones. Dur 
e first four nights of trapping on each pl ente quare of approximately two acres 
ered: the trap vere the y ed fr n ths ; square a peripheral region of 
y pl ed 21) F< inter ] he y wher the ere eet thr ‘ re times 
ight Cc pture } roder were ] } ly 1 Cereal bai Tere 10 
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e th nit elu nce § luals to ente 1 unfamil trap 
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‘ y ant the captured od ‘ y lving Wd . ther ct shies Jour 
1-219. 105) 
rht — lividuals of three aneci : —- of Dinedeum 
pe { f 901 time he reanite al ] eate shad re animals 
captured the |] r models. Of the 24 ptur f Pero 91 per cent) 
the large t s. By species, 90 per ce 4¢ re P_y tus. 93 per cent 
} ; . (126 Pt FO y t of Divodo hy sini 
ed in the large raps. It is of inte } ] 42 ner ce¢ of the kangaroo 
hich are larger t white-footed ce, were ught in the small traps s compared 
. cent of the capture } When the home. renee atin 
x ‘ ¢ + +} r mt J r 1D ] nase d e ll +r p to ente 
J ( Ova AN Vi rE | Hoy 5 De / ; Zool I ty 
D Rece Octol g 151 
ACCIDENTAL DEATH OF A MULE DEER IN IDAHO 
March 15. 1952 hile stud g tl ‘ Pe } alt: omat dans the 
Selw ¢ 17 nages } 1 ' r ule os Od ‘ F 
} } hange ae | 
g gI g be , ’ } edge PD ( 100 to 
the Lochsa River A r f pproximatel } et deep 
uf St f eve t I ling tT tr t u r} 1e¢ vas bl travel or 
ed s nd_ fram t} brunt | vse part the > nil wien bye 
} Undoubted overzealou its t mnt ge ti ehe e twigs ¢ ew, the 
ed to the very edge of the snow-cap I while vas stretching to reach 
ge the snow gave w beneath tl It plunged forward l hanged by 
r th fork of the ew tree 
ts hs isited the -cidental kill and feasted « he hind quarters. The stomach 
revealed that this deer had been feeding heavily upon yew browse. This big game 
I been hea used b lk which have taken much of the browse withi ch of 
hereby forcing deer into closer utilizati f brows« EpwIn B. Caswt Brownlee 
Stat Cambridae. Idaho. Received Octol 95 
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have done some work here, but since Bailey’s publication there has been a paucity of pub- 
lished material on the mammals of eastern Texas. Thirty species of mammals were recorded 
from this region. Of these, six deserve special mention because of range extensions or addi 
tional ecological data 

One Mexican free-tailed bat (T’adarida mexicana) was collected Nov. 2, 1950 on the cam- 
pus of Stephen F. Austin State College, Nacogdoches. So far as can be determined this is 
the most easterly record for this species 

Blarina brevicauda carolinensis has been previously known in Texas only from Ara: 
sas, Hardin, and Shelby counties. We have collected this shrew in the following counties 
Cherokee, Harrison, Nacogdoches, Rusk, Sabine, and Shelby. In Nacogdoches County it 
was taken in considerable numbers in a grassy pasture one mile east of Nacogdoches. In 
Harrison and Sabine counties it was collected in pine-oak uplands. In Cherokee and Shelby) 
counties it was found living on densely wooded floodplains. These records extend the known 
range of Blarina brevicauda in Texas both north and west of its previously known distribu- 
tion. The fact that it was found in a variety of habitats indicates that it is probably more 
abundant in eastern Texas than was previously believed 

Reithrodontomys humilis merriami is apparently one of the rarest mammals in Texas 
[t was previously known in Texas only from the coastal prairie region. Specimens were co 
lected in the fall of 1950, one mile east, and 15 miles southwest of Nacogdoches, Nacogdoches 
County. All of the specimens were captured in grassy pastures that contained a scattered 
growth of blackberry vines. These records extend the known range of this species into the 
timbered region of eastern Texas and some 180 miles north of its previous known occurrence 

Peromyscus gossypinus megacephalus is the most common small mammal of easterr 
Texas. It occurs primarily in low forested floodplains but during peaks of population highs 
it frequently occurs in the uplands. We collected this species in the floodplain of the Trinity 
River in northwestern Henderson County and 20 miles northwest of Palestine in Anderson 
County. Prior to these records P. gossypinus was not known definitely to extend this far 
west 

The golden mouse (Peromyscus nuttalli) was found to be widespread in its distribution 
over eastern Texas but not particularly abundant in any locality. Two specimens were col 
lected in Anderson County, 20 miles northwest of Palestine. This record is approximately 
120 miles west of the previous known range of the golden mouse in Texas 

Pitymys pinetorum nemoralis has been previously recorded in Texas in only three locali 
ties (Bailey, op. cit. and Bryant, Jour. Mamm. 22: 2, 1941). We found an additional popula 
tion of Pitymys in a grassy marsh one mile east of Nacogdoches. Pine voles were abundant 
here in the fall and winter of 1950-51. The area was burnedin the summer of 1951 and since 
that time no voles have been collected. —W. H. McCarey anp W. N. Brapsnaw, Depart- 
ment of Zoology, University of Texas, Austin 12. Received November 3, 1952 


CHECKLIST OF PALAEARCTIC AND INDIAN MAMMALS—AMENDMENTS 


We recently (Jour. Mamm., 34: 151, 1953) gave notice of our intention to publish some 
amendments to the above work, and asked colleagues to send us a note of errors which 
they had themselves noticed. We do not know whether to be gratified or dismayed, but 
we have received no communication. We are, however, grateful to Mr. G. H. Swynnerton, 
who had previously sent us corrections, some of which are incorporated below. This list 
is not exhaustive, but gives those amendments which we deem important 


Page 
1. Briinnich, Zool. Fundamenta dates from 177i 
12. Koh Lak is a small island off the east coast in about 11.45 N 
15. The reference of Elephantulus rozeti should read: Mém. Soc. Hist. Nat. Strasbourg, 
1, 2: art. 4, 18. Near Oran, Algeria 
17. The type species of Hylomys is Hylomys suillus Temminck 


23. The reference of Erinaceus algirus should read: Mém. Soc. Hist. Nat. Strasbourg, 


3, 2: art. 1,4 
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Sorez cylindricauda should date from 1872 

The author of Paradorodon is Wagner 

Add Suncus murinus temmincki Fitzinger, 1868. Pachyura temminckii Fitzinger, 1868, 
S. B. Akad. Wiss. Wien., 57: 141. Kiushiu Island, Japan 

Crocidura olivieri Lesson 1827 was published in May; this is a race of Crocidura fla- 
vescens I. Geoffroy, January, 1827 (Sorer flavescens 1. Geoffroy, Dict. Class. 11: 324, 
King Williams Town, Cape Province (Roberts)). Distribution: from Cape Province 
through most of Africa south of the Sahara, northwards to Egypt 

The reference of Rousettus seminudus is: Pte ropus semin idus Kelaart, 1850, J Ceylon 
Branch Asiatic Soc., 2: 216. Mt. Lavinia, Ceylon 

The reference of Saccolaimus is: Saccolaimus Temminck, 1838, Tijdschr. Natuur 
Gesch. 5:6. Taphozous saccolaimus Temminck 

To distribution of Taphozous nudiventris add Tanganyika 

Vycteris hispida dates from 1774. Nycteris tragata, which has the upper incisors bifid, 
shou!d be regarded as a species distinct from N.. javanica, which has the upper incisors 
trifid. Nycteris thebaica ranges to the Cape of Good Hope 

The page number of Megaderma is 190 and the type locality of Megaderma spasma is 
Ternate 

113. Rhinolophus acrotis is not a valid species and should be merged with clivosus (ac- 
cording to Sanborn), which ranges to the Cape Province 

Hipposideros speoris dates from 1797 vel 1798 

Sanborn, 1952, Nat. Hist. Misc. no. 97: 2, says that Aselliscus wheeleri is a synonym 

4selliscus stoliczkan Asellia stoliczkana Dobson, 1871, Proc. Asiat. Soc. Bengal, 

106, Penang 

To distribution of Tadarida teniotis add Asia Minor (B.M 

To distribution of Tadarida aegyptiaca add Ceylon (B.M 

Add: Subgenus Mops Lesson, 1842. Tadarida midas Sundevall, 1843. (Dysopes mida: 
Sundevall, K. Svenska Vetensk. Akad. Handl. 1842: 207. Bahr-el-Abiad, Sudan) 
Specimens recently received in British Museum from Arabia. Distribution also includes 
Eritrea, Senegal, Nigeria, Nyasaland and Madagascar 

The date of publication of D jsopes pun lus is ‘1830 vel 1831’ 

Pareptesicus and Rhyneptesicus Bianchi date from 1917 

lo distribution of Eptesicus isabellinus add Algeria 

Scotophilus nigrita dates from 1774. Scotophilus kuhli dates from 1821 

To distribution of Miniopterus schreibersi blepotis add Bangkok, Siam (Chasen 

lo distribution of Miniopterus australis add Siam (Tate 

Delete N yctophilaz 

Helarctos malayanus dates from 1821 

Delete reference to Zorilla 

Vartes melampus dates from 1841 

Add: 1943. Martes zibellina averini Bashanov, Izvest. Kazakstan Branch Acad. Sci 
U.S.S.R., 1942, Alma-Ata, 1943, p. 53. Katon-Karagai region, southern Altai. (N.V 
The type locality of Putorius kanei Baird, 1857, Mammals of North America, 172, was 
fixed by E. Raymond Hall (1944) as Arikam Island, Bering Sea, Siberia. This name 
should supersede M. e. orientalis Ognev 

Add; 1948, Vormela peregusna pallidior Stroganov, Travaux Zool. Inst. Acad. Sci 
U.S.S.R., 7: 129. Kopal district, Semirechyia. (N.V 

Che reference to Meles meles danicus is Degerb6l, 1933, Danmarks Pattedyr i Fortiden, 
574, 634. Sjaelland, Denmark 

Prionodon pardicolor dates from 1841 

Paradorurus zeylonensis dates from 1778. P. hermaphroditus milleri is preoccupied and 
has been renamed conisbeei Ellerman & Morrison-Scott, 1952, J. Mamm. 33: 399 


Calogale, Calictis aeniogale and Onychogale date from 1865. 


316. The reference to Felis panthera is Schreber, Séiugth. pl. 99 (1775), 3: 586 (1778) 
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Page 
320. Panthera uncia dates from 1775. The reference is: Saugth. pl. 100; text, 3: 586 (1778 

Achinonyz jubatus dates from 1775. The reference is: Siugth. pl. 105, text, 3: 393 
(1777). 

Delete Guepardus and Cynofelis. The former is based on Felis guttatus Hermann, 
which is unidentifiable but certainly not a cheetah, and the latter is a substitute for 
the former 

327 and 330. Pagophila Kaup does not preoccupy Pagophilus Gray, which is therefore valid 
as a subgenus rather than Pagophoca. 

329. The reference to Phoca hispida is: 1775. Siugth. pl. 86; text, 3: 585 (1778 

335. To distribution of Procavia capensis add southern Egypt (B.M 

340. Ceratorhinus dates from 1868 (P.Z.S. 1867: 1021 

357, 358. Elaphodus and Elaphodus cephalophus date from 1872 

393. In the reference of leptoceros the number ‘72’ refers to the ‘livraison’, and is not 
page number 

419. The date of Lyon’s paper is.1904 

444. Pentalagus dates from 1904 

445. To synonymy of Ochotona add 
Abra Gray, 1863, Cat. Mamm. Hodgson Coll. 2nd ed., 11. Lagomys curzoniae Hodgso 

Not of Lamarck, 1818 

Abrana Strand, 1928, Arch. Naturgesch. 92, 8: 59. New name for Abra Gray 

450. Ochotona thibetana dates from 1872 

469. According to G. H. H. Tate in litt. the name Sciurus sagitta was based on a Pet y 
Therefore the name for the species listed as Hylopetes sagitta will be Hylopetes lepidus 
(Pteromys le pidus Horsfield, 1822, Zool. Res. Java, no. 5, pl & text, unnumbered. Java 

477. The author of Sciurus anomalus is Schreber 

495. To distribution of Funambulus pennanti add southeastern Persia (B.M 

552. Rhizomys sumatrensis dates from 1821 
Cannomys badius dates from 1841 

555. To distribution of Spalax leucodon add Iraq (R. T. Hatt 

559. Chiropodomys gliroides dates from 1856 

563. To synonymy of Apodemus add: 1939. Karstomys Martino, Zap. Russk. Nauch. Inst 
Byelgrad, 14: 88. nom. nov. for Petromys Martino nec Smith 

568. To synonymy of Apodemus sylvaticus sylvaticus add: Sylvaemus sylvaticu ylvat 
hessei Martino, Crni Kamen, Sar planina mountains near Kacanik and S lichr 
roides, from Kocane, both Yugoslavia, Martino, Recueil de Trav. offert & J. George 
vitch, Belgrade, 1933, 301 


577. Subsequent researches on African subgenera of Rattus lead us to the belief that M 
lardia is not more than a subgenus of Rattus 
615. The type species of Acomys is Mus cahirinus Desmarest 


617. Bandicota bengalensis dates from 1835 
619. Nesokia indica dates from 1830 
620. The reference to Calomyscus is 1905, Abstr. P. Z. 8., no. 24: 2: 


2 

621. The reference to Calomyscus bailwardi is the same as for Calomyscus, plus P. Z. § 
1905, 2: 525 (1906 

634. Gerbillus gerbillus dates from 1800 

668. Eothenomys melanogaster dates from 1872.—J. R. ELLERMAN AND T. C. 8. Morriso! 
Scott, British Museum (Natural History), London, S.W.7. Received May 1, 1953 


CORRECTION TO “THE MAMMALS OF SOUTH AFRICA”’ 


In his review of the late Dr. Austin Roberts’ book ‘““The Mammals of South Africa” 
Dr. Henry W. Setzer (Jour. Mamm., 34: 141, 1953) points out that ‘‘the legends for, and the 
species guide to, coloured plates V and VI are hopelessly confused’’. On examination it has 
proved that the references in the text and in the index agree with each other and with those 
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of the legends to the two plates concerned, but that none of these agree with the forms as 
jepicted in the plates. I attempted to clear up this confusion by comparison of specimens 
representing those forms mentioned in the text with the ones depicted in plates V and VI. 


Unfortunately Dr. Roberts did not note the catalogue numbers of the specimens repro- 
duced, so that exact comparison is impossible. However, I selected what I considered were 
representative specimens of each of the forms concerned and based my comparison on these. 

The first fact that appeared was that the two plates, but not their legends, were reversed, so 


that in fact the legend for Plate V refers to Plate VI and vice versa. Furthermore, the forms 





lepicted on the plates themselves do not agree with those names with corresponding num 
bers in the legends, but are again confused. As far as it was possible to determine, the figures 
the plates should be numbered as follows 
PLATE \V PLATE VI 
Fig. | Plate VI, Fig. 3 Fig. 1.—Plate V, Fig. 8 


2 1 2 2 
: I 3 l 
1 2 4 7 
. ‘ 5 5 
7 6 4 
7 H 7 6 
& ) SS 3 
9 6 9 Q 
J Me ESTER Dir sion of Man mal gy 7 Inst I VM use 7 Pretoria, S Africa Re ce ved 
Ma 1953 


Sumner, Lowell and Joseph S. Dixon. Brrps anp MAMMALS OF THE SIERRA NEVADA 


Berkel nd Los Angeles. University of California Press, xvii + 484 pp., 8 colored plates, 
46 hgs., 2 maps Price, $7.50 


Sumner and Dixon’s Birds and Mammals 


Sierra Nevada is a popular presentation of 
» by the Museum of Vertebrate Zoology and 





the data obtained from a number of surveys m 


their own original studies in Kings Canyon and Sequoia National Parks. It will serve as a 
rey ement for Animal Life in the Yosemite by Grinnell and Storer, the standard reference 
which is now generally unavailable; and, although the data and records pertain specifically 


tions and accounts of habit 





to Kings Canyon and Sequoia National Parks, the deseri 





include the great majority of species that campers and rs will encounter anywhere in 
the Sierra Nevad: 

The introductory sections contain an excellent explanation of the philosophy and policies 
governing the administration of national parks. There is, after the style of the Yosemite 
report, a discussion of the life zone classification, demonstrating the relationships of 
elevation, weather and vertebrate biology to the layman. The authors explain how excep- 
tions to the life zone classification may occur, how the differences in exposure, moisture, 
and air currents can alter the superficially discrete floral and faunal divisions. The life zone, 
} 


map (in black and white) for the two parks is rather oddly placed at the back of the book 


quite apart from the descriptions of the life zones. A number of well selected photographs 
illustrate the characteristic environments of the life zones and some of the birds and mam- 


mals. Several photographs of overgrazed and non-grazed meadows will help the reader 
appreciate the authors’ continual plea for careful land use and protection for park areas 
The radically unbalanced placement of two of the photographs (Figs. 41 and 44) may repre- 
sent an editor’s effort at distinction, but results in a distraction in the otherwise attractive 
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arrangement. The color plates by Allan Brooks add considerably to the attractiveness of 
this book. 

The bulk of the text is devoted to descriptions and discussions of the birds and mammals 
arranged by species, each specific account being divided into a description, a summary o 
distinctive habits and a list of park records. The comments for the species have been ver 
carefully prepared and make this volume applicable for most of the birds and mammals 
throughout the Sierra Nevada. The descriptions contain information on weight, voic« 
form, and color, and frequently compare allied species; far from being telegraphic listings of 
characters, they form brief, readable introductions to the accounts of habits. The authors’ 
field experiences contribute to the excellence of the accounts of habits and they have i: 
cluded numerous first hand descriptions which were previously unpublished; the comments 
on the coyote and mountain lion are especially fine. There is, perhaps, a too frequent use o 
unaltered field notes; for example, ‘‘A male [sooty grouse) was observed on April 20, 1933 


Y 


sitting lengthwise « 


a limb, 60 feet up in a ponderosa pine, his tail toward the trunk. He 
was hooting at intervals of thirty to one hundred seconds.’’ Occasional mention of the 
authors’ experiences provide a fresh atmosphere in a popular book; but when poorly select: 
and used too frequently, they make the reading difficult and dull 

The use of lower case letters for names of species is a much desired departure iron he 
frequent practice of capitalizing these names, especially for birds. The common names app! 
to species with no distinction being made for subspecies, thus eliminating a cause of con 
fusion found in many books. The spelling pinyon, for pifion, is unnecessary and confusing 


7] 


pifion is a well-known word and pinyon will be unknown to most readers and is not to be 
found in most large dictionaries 

This volume is an excellent replacement for the rather rare earlier books on the ve 
brate faunas of Lassen and Yosemite parks; and, while less bulky, it contains consider 
more information on the birds and mammals. It will doubtless become a standard guide f 
those who wish to learn about and observe the Sierra Nevadan birds and mammals 
W. Jameson, Jr., Department of Zoology, University of California, Dat 


Mayr, Ernst; E. Gorton Linsley; and Robert L. Usinger. MerHops AND PRINCIPLES 0 
SystTematic Zoo.tocy. New York. MeGraw-Hill Book Company ix + 328 pp illus. 1953 
Price, $6.00 

This work should prove to be of great value to all mammalogists, whether taxonomists or 
not. The principles set forth in such a lucid and complete manner are those h which 





students of mammals should be familiar. The young student of taxonomy will find the de 


] } 
; 


tails of procedure described with clarity; the older student will find this work a hand 
reterence 
The background for taxonomy is no less important than for any other discipline « 


science, and the authors present, in part 1, chapters on the history and functions of t 


onomy, a discussion of the species and intr specific categori nd a discussi yn 1 class 
fication and the high« r categories 

Part 2 of the book presents the details of taxonomic procedure with an admirable degre¢ 
of completeness. These range all the way from the selection of a taxonomic problem to thé 
presentation of the final data in print. A thorough discussion of identification and taxo- 
nomic discrimination includes a detailed survey of the many types of variation found in 


animals. The confusion that has resulted from the lack of recognition of individual variatiot 
in animal populations is emphasized. For mammals this might be even more strongl) 


emphasized, as illustrated by recent studies of the range of individual variation in largé 
populations 

The relative values of various types of taxonomic characters are presented, including 
morphological, physiological, ecological, ethological, and geographical characters. On 
page 109, the authors mention briefly the use of “‘genitalic structures” as taxonomic char 
acters, and point out their value for discrimination at the species level. Presumably the 
refer here to external genitalia only, and, although not mentioned, the recent rather ex- 
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tensive use of the baculum in mammals is a good example. It might have been useful, at 

is point, to mention the relatively conservative nature of the internal genital organs and 
yeir value in phylogeny at higher taxonomic levels—in mammals at least 

[he chapter on quantitative methods of analysis is an excellent introduction to the 
tistics of biology, and most of the usual methods of analysis, measures of variability 
d methods of presenting data are covered hers -ompact fashion, with ample references 
»more detailed sources of information 

The preparation of adequate keys, descriptions of taxonomic entities, and classific 
ons are thorough! discussed followed b liscussion of the tion ol tax 
nomic papers discussion that vell apply t he t ) ion Oo ific papers i! 
gene und one that editors might wish the ithors would study « 

A section on zoological nomenclaturs nswe I I Importan or the 1 

nomi nd others, ranging from the hist oO enclature th principle o 
I { the type method, the rules for th I of I nar in catevgori ) 
e ethics of taxonom A useful bibliogray glos und inde ny he book.— 
W. Roperr apr 
Lindsdale, Jean M., and P. Quentin Tomich. Herp or Mute Deer: A ReEcorp o 
OBSERVATIONS MApDE ON THE HAsTIN NATURAL History RESERVATI University o 

rn Press. Berkel nd Los Angeles 11 +. 567 pr 174 t t figs 4 nls tables 
05 Price $8 1) 

S work contains we h of opservati 1 dat he mule de pu ke previou 
studies emanatin m the Hastings Natural H Rese tion, much of the erial is 
presented in an undigested form, with rep ob yns of the same phenomeno! 

Tl this 1s deliberate or he part of tl Luthor 1OW,. Ver el in s explained ul 
eface of this book by the statem«e tl } I se of demonstrating the dee 
responses to a wide range of environr 1ations i me locali series 0 

examples provides a better understanding than would the combined treatments of them or 

ttempt to select typical responses.’’ Despite this viewpoint, most re rs of the bool 

have expected the writer Se ee 1 ¢] ee a 

t re in the best positior to do i 
The passion for reporting all the details of e field obse 101 ymetimes reaches the 
ludicrousness. For example, unde I g I ) on ““Mannerisms”’ w 
that “A grazing doe stoppe nd swung her head around to the rig} en firt 
kes along 4 inches of the sacrum just anterior to the base of the t o assun 
would have been significant if she had s g her he the left only five 
irm 8s kes along siz inches of the sacrum? Agai! On March 26 a large growing 
ntlers 314 inches long licked his perine regio! [s possible that a buck with five 
I might not do so 
In the chapte on structure there is an exhau e treatmel of the gross morpholog 
succession, growth, and loss of antlers that leaves fe uestions unanswered. (One wonders 
( the significance of a cast antler being found o1 } per cent slope’’ at the base 
( coffeeberry bush.) Tooth succession, wé nd abnor ties are also fully reported 
this section 
Much interesting information is presented in the chapter on communication, including 

8 8, movements, and scent 4 detailed description of ski! glands und observations on 

1e1T possible uses are given The assumption on pagi 107. that the material in the “pre 

ular gland”’ is dried secretion from the lacrimal fluid seem to be poor! supported by the 
observations made It would seem more logical t ctually investigate the gland than to 
i conclusions. Hearing, vision, and smell are discussed 

on the 


speculate and then draw unsupporte¢ 
field observations. A chapter on mannerisms contains many interesting notes 
deer—Nimrods and note 


with 
habits of mul 
long chapter on animal associates that contains, among other observations, 
1s well as 


archers take 


There is 
some fascinating notes on the relations between jays, magpies, and mule deer, 
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Bo: 
interesting notes on the relations between wildcats and the deer. Habitat is discussed at 
length in relation to the mule deer, and there are detailed chapters on activity and food 
teproduction is described from the observational standpoint from detailed field notes 
The data on population are limited by the small size of the herd, observed on a limited Bor 


urea 


There is much of value in this work, but one cannot help but observe that it could have 
been presented in much less space in a publication of more reasonable cost. The book is 
handsomely prepared, and generously illustrated with line drawings, graphs, and half 


tones 


(Conducted by David H. Johnson, Claude W. Hibbard, Richard H. Manville, 
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BoaRDMAN, W. The hair tracts of marsupials. Part V. A contribution on causation. Part 
VI. Evolution and genetics of tract pattern. Part VII. A system of nomencla- 
ture. Proc. Linnean Soc. New South Wales, vol. 75, pts. 5-6, pp. 254-278, illus. 
December 21, 1950 

BoonE AND Crockett Cius. Records of North American Big Game. Charlies Scribner’s 
Sons, New York, pp. xiii + 174, illus. 1952. (Compiled and edited by the Com 
mittee on Records of North American Big Game, Samuel B. Webb, Chairman 
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trophies, by Samuel B. Webb; Objectives and conditions of the North American 
big game competition, by Milford Baker; What happened to former world records 
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Borowsk!I, STANISLAW. Saisonale Veriinderungen der Behaarung der Soricidae. Ann 
Univ. Mariae Curie-Sklodowska, vol. 7, no. 2, pp. 65-117. July 25, 1952 

BoypEN, ALAN. Fifty years of systematic serology. Systematic Zool., Washington, vol 
2, no. 1, pp. 19-30, illus. March, 1953. (Das ypus, Manis. Orycte ropus 

Brazpa, ArTHUR R. Elk migration patterns, and some of the factors affecting movements 
in the Gallatin River drainage, Montana. Jour. Wildlife Management, Ithaca, 
vol. 17, no. 1, pp. 9-23, illus. January, 1958 

BurRNET, FRANK MacFarLaNne. Myxomatosis as a method of biological contro] against 
the Australian rabbit. Amer. Jour. Public Health, Albany, vol. 42, no. 12, pp 
1522-1526. December, 1952 

Burton, Maurice. Tree-climbing goats. Illus. London News, vol. 222, no. 5936, p. 118, 
illus. January 24, 1953 


CLornier, Ronatp. Taxonomy of the Sorez vagrans-obscurus group in western Montana 
Proc. Montana Acad. Sci., vol. 10, pp. 11-12. 1951 

Conaway, C. H., anp J. C. Howku1 Observations on the mammals of Johnson and Carter 
counties, Tennessee, and Avery County, North Carolina. Jour. Tennessee Acad 
Sci., vol. 28, no. 1, pp. 58-61. January, 1953 

CovururterR, Marcet A.J. Note sur deux trophées exceptionnels (2° et 3° records francais) 
d’isard (Rupicapra rupicapra pyrenaica). Mammalia, Paris, vol. 16, no. 4, pp 
253-255. December, 1952 

Creutz, Geruarp. Die Waldmaus, Apodemus s. sylvaticus (Linné, 1758), als Bewohnerin 
von Nistkiisten. Siugetierk. Mitteil., Stuttgart, vol. 1, no. 1, pp. 21-22. January 
10, 1953 

Creutz, GERHARD. Schwimmendes Kaninchen, Oryctolagus c. cuniculus (Linné, 1758 


Saugetierk. Mitteil., Stuttgart, vol. 1, no. 1, p. 22. January 10, 1953 

Creutz, Geruarp. Zur Ernihrungsweise des Eichhérnchens, Sciurus vulgaris fuscoater 
Altum, 1876. Saiugetierk. Mitteil., Stuttgart, vol. 1, no. 1, p. 31. January 10, 
1953 

DauimieR, Paut. Remarque au sujet du polymorphisme du molot en Belgique. Bull. Inst 
Royal Sci. Nat. Belgique, Brussels, vol. 28, no. 63, pp. 11. December, 1952 

DaLquest, WALTER W. Two new mammals from central Mexico. Proc. Biol. Soc. Washing 
ton, vol. 64, pp. 105-108. August 24, 1951. (New: Pipistrellus hesperus potosinus, 
Citellus spilosoma cabrerai) 

Davies, J. The anatomy of a twenty-two millimetre embryo of the African rhinoceros 
(Rhinoceros bicornis). Proc. Zool. Soc. London, vol. 122, pt. 3, pp. 593-613, illus., 
pls. 6. November, 1952 

Davis, Berry Scnuck. Studies on the trypanosomes of some California mammals. Univ 
California Publ. Zool., vol. 57, no. 3, pp. 145-249, illus. October 17, 1952. (Includes 
discussion of life history of Zapus princeps alleni.) 

Decenisy, J. L. Remarques & propos du cercle de Willis des Primates. Mammalia, Paris, 
vol. 16, no. 4, pp. 213-215. December, 1952 
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Dekeyser, P.L. Les pangolins. Notes Africaines, Dakar, no. 57, pp. 27-30. January, 1953 

Dice, Ler R., ann Exvizaspetu Barto. Ability of mice of the genus Peromyscus to hear 
ultrasonic sounds. Science, vol. 116, no. 3005, pp. 110-111. August 1, 1952. 

Dice, Lee R. Quautitative and experimental methods in systematic zoology. Systematic 
Zoology, Washington, vol. 1, no. 3, pp. 97-104. September, 1952. 

Dipier, Ropert. Description de |’os pénien de Chrysocyon jubatus (Desmarest) et de 
Felis (Uncia) uncia Schreber. Bull. Inst. Roy. Sci. Nat. Belgique, Brussels, vol 

28, no. 56, pp. 1-4. November, 1952 


Dipter, Rosert. Note sur les os péniens de pinnipédes rapportés par M. Patrice Paulian 
de la Mission Australe Francaise aux Iles Kerguelen. Mammalia, Paris, vol. 16 
no. 4, pp. 228-231, illus. December, 1952 


Dorst, JEAN. Note sur la dentition de lait de Nycteris capensis (Chiropteres, Nycterides 
Bull. Mus. Nat. Hist. Nat., Paris, ser. 2, vol. 24, no. 6, pp. 515-518. December 
1952 


Dozier, Herperr L. Muskrat production and management. Circular U. 8. Fish & Wild 
life Service, Washington, no. 18, pp. 42, illus. 1953 

Lurk, Junius. Ergiinzende Angaben zur Kenntnis der Nordischen Wiithlmaus, Microtus 

ratticeps méhelyi Ehik, 1928, in Ungarn. Siugetierk. Mitteil., Stuttgart, vol. 1, 

no. 1, pp. 28-29. January 10, 1953. 


ErsenrTRAUT, M. Beobachtungen iiber Jagdsoute und Flugbeginn bei Fledermiuser 
Bonner Zool. Beitriige, Jahrgang 3, Heft 3-4, pp. 211-220. February 20, 1953 

KisentTRAUT, M. Contribution A |’étude biologique de Paraechinus aethiopicus Ehrenb 
Mammalia, Paris, vol. 16, no. 4, pp. 232-252, illus. December, 1952. 

iiutTON, NonMAN W. Progress of sylvan yellow fever wave in Central America: Nicaragua 
and Honduras. Amer. Jour. Public Health, Albany, vol. 42, no. 12, pp. 1527- 
1534. December, 1952 

ENGLANDER, Hans. Beitriige zur Fortpflanzungsbiologie und Ontogenese der Fledermiiuse 
Bonner Zool. Beitrige, Jahrgang 3, Heft 3-4, pp. 221-230. February 20, 1953 

[ExRpDBRINK, Dirk Pieter. A review of fossil and Recent bears of the Old World with re 
marks on their phylogency based upon their dentition. Drukkerij Jan de Lange, 
Deventer, pp. xii + 597, illus., 22 pls., 11 folding tables and maps. 1953. (Ac 
companied by ‘‘Index of cursivated names of animals and plants,” pp. 1-12 

Escariz DE PEverRELLI, Vicrorta Marta. Notas ecologicas acerca del ‘“‘tuco-tuco’’ 
Ministerio de Agricultura y Ganaderia, Republica Argentina, Buenos Aires 
afio 8, no. 53, pp. 1-15, illus. 1952 

Evans, Francis C. Individuals and communities—a biologist’s view. Michigan Alumnus 
Quarterly Review, vol. 58, no. 21, pp. 297-299. August 9, 1952 

FatLtinGc, Orro. The bobeat—hunter and hunted. Michigan Conservation, Lansing, vol 
22, no. 1, pp. 7-9, illus. January, 1953 

Fevten, H. Beobachtungen an winterschlafender Fledermiusen im Rhein-Main-Gebiet 

no. 1, pp. 8-13. January 10, 1953 

FevTeN, Hernz. Untersuchungen zur Okologie und Morphologie der Waldmaus (Apo- 


Saugertierk. Mitteil., Stuttgart, vol. 1, 
demus sylvaticus L.) und der Gelbhalsmaus (Apodemus flavicollis Melchior 
im Rhein-Main-Gebiet. Bonner Zool. Beitrige, Jahrg. 3, Heft 3-4, pp. 187-206 
February 20, 1953 

FRANK, Fritz. Kleine Beobachtungen an der Zwergmaus (Micromys minutus Pall.) mit 
dékologischen Folgerungen. Bonner Zool. Beitriige, Jahrg. 3, Heft 3-4, pp. 207 
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FraNK, Frirz. Zur Entstehung iibernormaler Populationsdichten im Massenwechsel 
der Feldmaus, Microtus arvalis (Pallas). Zool. Jahrbiicher, vol. 81, nos. 5-6, 
pp. 610-624. March 20, 1953 

Frecukop, Serce. De la position systématique de la noctule. Mammalia, Paris, vol. 16, 
no. 4, pp. 216-222, illus. December, 1952 

GALBREATH, Epwirn C. A Contribution to the Tertiary geology and paleontology of north- 
eastern Colorado. Univ. Kansas Paleont. Contrib. Vertebrata, art. 4, pp. 1-120, 
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pls. 2, figs. 26, March, 1953. (New: Aplernodus iliffensis, Ankylodon progressus, 
Domnina compressa, Pelycomys rugosus, P. placidus, Drassonaz harpagops, 
Plesiosminthus? clivosus.) 

Green, E.L. A skeletal difference between sublines of the C3H strain of mice. Science, 
vol. 117, no. 3030, pp. 81-82. January 23, 1953. 

GrzimMEK, BERNHARD. Beobachtungen an Schimpansen, Pan troglodytes (Blumenbach, 
1775) in den Nimbabergen. Saugetierk. Mitteil., Stuttgart, vol. 1, no. 1, pp. 1-5, 
illus. January 10, 1953. 

Guievet, C. J. An ecological study of Goose Island, British Columbia, with special refer 
ence to mammals and birds. Occas. Papers British Columbia Provincial Mus., 
Victoria, no. 10, pp. 77, illus. March, 1953 

HatnarRD, Ropert. Notes sur le rut du bouquetin, Capra i. ibexr Linné, 1758. Siugetierk 
Mitteil., Stuttgart, vol. 1, no. 1, pp. 26-28, illus. January 10, 1953 

Hat, E. RayMonp, anp E. LENpELL Cockrum. Comments on the taxonomy and distribu 
tion of North American microtines. Univ. Kansas Publ., Mus. Nat. Hist., Law- 
rence, vol. 5, no. 23, pp. 293-312. November 17, 1952 

Haut, E. RayMonp, AND Kertu R. Ketson. Comments on the taxonomy and geographic 
distribution of some North American rodents. Univ. Kansas Publ., Mus. Nat 
Hist., Lawrence, vol. 5, no. 26, pp. 343-371. December 15, 1952. 

Haut, E. RayMonp, AND E. LENpELL Cockrum. A synopsis of the North American micro 
tine rodents. Univ. Kansas Publ., Mus. Nat. Hist., Lawrence, vol. 5, no. 27, 
pp. 373-498, illus. January 15, 1953 

HanstroM, B. The hypophysis in some South-African Insectivora, Carnivora, Hyraco- 
idea, Proboscidea, Artiodactyla, and Primates. Arkiv fér Zoologi, Stockholm, 
vol. 4, no. 3, pp. 187-294. January 21, 1953 

Harris, VAN T. Muskrats on tidal marshes of Dorchester County. Publ. Chesapeake 
Biol. Lab., Maryland Dept. Research & Education, Solomons Island, no. 91, 
pp. 36, 1952 

Harrison, J. L. Insect-eating bats. Malayan Nature Jour., vol. 7, no. 5, pp. 191-195 
March, 1953 

Hatr, Ropert T., et AL. Faunal and archeological researches in Yucatan Caves. Bull 
Cranbrook Inst. Sci., Bloomfield Mills, Michigan, no. 33, pp. 119, pls. 12. March, 
1953. (Included articles: Introduction, by Robert T. Hatt; The mammals, by 
Robert T. Hatt; The birds, by Harvey I. Fisher; The reptiles and amphibians, 
by Dave A. Langebartel; Archeological findings, by George W. Brainerd. 

HauGcen, ARNoLp O. Ammate in the diet of deer. Jour. Wildlife Management, Ithaca, 
vol. 17, no. 1, pp. 33-36. January, 1953 

Heck, Heinz, yun. Eine Nilpferdgeburt an Land. Saugetierk. Mitteil., Stuttgart, vol. 1, 
no. 1, pp. 30-31. January 10, 1953 

Heinricu, Gerp. Zur Okologie und Verbreitung der Brandmaus (Apodemus agrarius 
Pallas) Bonner Zool. Beitrage, Jahrg. 5, Heft 1-2, pp. 9-10. July 15, 1952 

Hipparp, CLaupE W. Equus (Asinus) colobatus Troxell and associated vertebrates from 
the Pleistocene of Kansas. Trans. Kans. Acad. Sci., vol. 56, no. 1, pp. 111-126, 
illus. March, 1953. 

Hipparp, CiraupeE W. Insectivores of the Rexroad fauna, Upper Pliocene of Kansas 
Jour. Paleontol., vol. 27, no. 1, pp. 21-32. January, 1953. (New: Sorez rezroaden- 
sis; Cryptotis? meadensis; Blarina adamsi) 

Hitt, W. C. Osman. Observations on the genitalia of the woolly monkey (Lagothrix 
Proc. Zool. Soc. London, vol. 122, pt. 4, pp. 973-984, illus. February, 1953 

Hoover, D. A. Pleistocene vertebrates from Celebes. V. Lower molars of Archidiskodon 
celebensis Hooijer. Zool. Mededel. Rijksmuseum Natuur. Hist., Leiden, vol. 31, 
no. 28, pp. 311-318, pl. 19. February 26, 1953. 

Hoorer, Emmet T. Notes on mammals of Tamaulipas, Mexico. Occas. Papers Mus. Zool 
Univ. Michigan, Ann Arbor, no. 544, pp. 12. March 25, 1953 

Howarp, WALTER E., aNnp Henry A. HyersmMan. Deer repellent sprays not harmful to 
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foliage on two-year-old trees. Jour. Wildlife Management, Ithaca, vol. 16, no. 
3, pp. 390-391. July, 1952. 
Howanrp, WALTER E., aND KENNETH A. WaGnon. Guard those spuds—voracious squirrels 


show appetite for cull potatoes. Western Livestock Jour., vol. 29, no. 7, pp. 81-83 
January, 1951 

Howarp, WALTER E., anp Ltoyp G. Incies. Outline for an ecological life history of pocket 
gophers and other fossorial mammals. Ecology, vol. 32, no. 3, pp. 537-544. July 
1951. 

Jackson, Witi1amM B. Populations of the wood mouse (Peromyscus leucopus) subjected 
to the applications of DDT and Parathion. Ecological Monographs, vol. 22, pp 
259-281. October, 1952 


Jaun, GuNNAR, BrrGeR BERGERSEN, AND EINAR VANGSTEIN. International whaling sta- 
tistics. XXIX. Norske Hvalrads Statistiske Publ., Oslo, pp. 80. 1953. 
Jaun, GuNNAR, BrrceR BERGERSEN, AND EINAR VANGSTEIN. International whaling sta 


tistics. XXX. Norske Hvalrads Statistiske Publ., Oslo, pp. 92. 1953. 

JANSEN, JAN. Studies on the cetacean brain. The gross anatomy of the rhombencephalon 
of the fin whale (Balaenoptera physalus (L.)). Hvalridets Skrifter, Sci. Results 
Marine Biol. Research, Oslo, no. 37, pp. 35, figs. 13. 1953. 

Je.uison, WituiaM L., CHARLES W. FisHe., aNp E. L. Cneatum. Brucellosis in a moose 
Alces americanus. Jour. Wildlife Management, Ithaca, vol. 17, no. 2, pp. 217-218 
April, 1953 

Jenkins, D. H. Trappers and ’rats. Michigan Conservation, Lansing, vol. 22, no. 1, pp 
25-26. January, 1953. (Muskrat) 

Jounson, Davin H. (Review of) Mammals of Utah: taxonomy and distribution, by 
Stephen D. Durrant, and Mammals of Kansas, by E. Lendell Cockrum. Science 
vol. 117, no. 3042, p. 428. April 17, 1953 

JorpDaN, E. L. Hammond’s nature atlas of America. C. 8. Hammond & Co., New York. 
pp. 256, illus. 1952. (48 species of mammals, pp. 126-151, illustrated by Walter 
Ferguson 

KEELER, CiypE E. Note on coat color and physiognomy in Norway rats. Jour. Tennessee 
Acad. Sci., vol. 28, no. 1, pp. 49-52. January, 1953 

Ke..oaa, W. N., Roperr Konier, anp H. N. Morris. Porpoise sounds as sonar signals 
Science, Lancaster, vol. 117, no. 3036, pp. 239-243, illus. March 6, 1953 

Kenyon, Karu W., aNp Victor B. Scnerrer. The seals, sea-lions, and sea otter of the 
Pacific coast. Wildlife Leaflet U.S. Fish & Wildlife Service, no. 344, pp. 28, illus 
February, 1953 

Krrricunikov, A. A. O proiskhozdyenii chyernomorskogo dyelfina Phocaena phocaena 
relicta Abel. Zool Zhurnal, Moscow, vol. 31, no. 5, pp. 722-726. 1952 

Kitts, Davin B. A Pleistocene musk-ox from New York and the distribution of the musk 
oxen. Amer. Mus. Novitates, New York, no. 1607, pp. 1-8. January 2, 1953 

Koziov, V. I. Materialy k izucheniyu biologii enotovidnoi sobaki (Nyctereutes procyo 
noides Gray) v gorkovskoi oblasti. Zool. Zhurnal, Moscow, vol. 31, no. 5, pp 
761-768. 1952 

KrieGc, Hans. Tierpsychologische Beobachtungen in Siidamerika. Verdéffent. Zool. Staats- 
sammlung Miinchen, vol. 1, pp. 63-96. January 1, 1950 

Kusik, Jerzy. Biologische und morphologische Untersuchungen iiber die Birkenmaus 
im Naturschutzpark von Bialowieza. Ann. Univ. Mariae Curie-Sklodowska, vol 
7, no. 1, pp. 1-63. June 25, 1952. (Sicista betulina) 

Kuropa, N. On a specimen of rare Rattus tanezumi obtained in Aomori Prefecture. An- 
not. Zool. Japonenses, vol. 24, no. 4, pp. 234-237. December, 1951. 

LapyGena, N. M. Sezonnye ezmeneniya reaktsii domovykh myshey—Mus musculus L 
na vozdeystvie temperatury. Zool. Zhurnal, Moscow, vol. 31, no. 5, pp. 736-743 
1952. 

Liv, T. T. The measurement of fertility and its use as an index of reproductive isolation 
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among certain laboratory stocks of Peromyscus. Contrib. Lab. Vert. Biol. Univ. 
Michigan, Ann Arbor, no. 59, pp. 1-12. February, 1953 

Liv, T. T. Prenatal mortality in Peromyscus with special reference to its bearing on re- 
duced fertility in some interspecific and intersubspecific crosses. Contrib. Lab 
Vert. Biol. Univ. Michigan, Ann Arbor, no. 60, pp. 1-32, illus. February, 1953 

Lyne, A.G. Notes on external characters of the pouch young of four species of bandicoots 
Proc. Zool. Soc. London, vol. 122, pt. 3, pp. 625-649, illus., pls. 2. November, 
1952. 

Mapison, CarouInE R. A search for quantitative differences in the normal constituents 
of the urine of short ear and normal mice. Jour. Exper. Zool., vol. 120, no. 3, pp 
457-468. August, 1952. 

MALTHANER, Huspert. Der Komparabilwert des Gehirnes und die Methoden zur Bestim 
mung der Ranghéhe von Wirbeltieren. Saiugetierk. Mitteil., Stuttgart, vol. 1, 
no. 1, pp. 5-8. January 10, 1953 

Mann, F., GurnuerMo. Esquema ecologico de selva, sabana y cordillera en Bolivia. Publ 
Inst. Geografia, Facultad de Filosofia, Universidad de Chile, Santiago, no. 3, 
pp. 236, illus. 1951 

Matueson, Cotin. Some aspects of urban zoology in Great Britain. Sci. Monthly, Lan 
caster, vol. 76, no. 1, pp. 29-32. January, 1953 

Matuiak, Harotp A. Experimental level ditching for muskrat management. Tech. Wild 
life Bull. Wisconsin Conserv. Dept., Madison, no. 5, pp. 35, illus. 1953. 

Mayer, Wituram V. Preliminary growth studies of the Barrow ground squirrel, Citellus 





parryi barrowensis. Anatomical Record, Philadelphia, vol. 113, no. 4, pp. ! 
August, 1952. (Abstract 
McMILuLaNn, Joun | Some feeding habits of moose in Yellowstone Park. Ecology, Lan- 
1953 


Meester, J. A new golden mole from Spitzkop, Sabie. South African Jour. Sci., vol. 49, 


caster, vol. 34, no. 1, pp. 102-110. January, 
no. §, pp. 207-208. January, 1953. (New: Bematiscus villosus rufus) 

Mironov, N. P., A. N. Pavuov, F. A. Pussanitsa, aNp P. I. Surranovicu. Izmenenie 
granitsky areala malogo suslika v donskikh: starropolskikh stepyakh. Zool 
Zhurnal, Moscow, vol. 31, no. 5, pp. 752-760. 1952. (Citellus pygmaeus 

Mour, ERNA Die “‘letzten’’ Wélfe von Niedersachsen. Saiugetierk. Mitteil., Stuttgart, 
vol. 1, no. 1, pp. 22-26, illus. January 10, 1953 

Moors, Joserx Curtis. Distribution of marine mammals to Florida waters. Amer. Mid 
land Nat., Notre Dame, vol. 49, no. 1, pp. 117-158. January, 1953 

Morrison, Peter R., anno WiiuiamM J. Terrz. Observations on food consumption and 
preference in four Alaskan mammals. Arctic, Jour. Arctic Inst. North America, 
Ottawa, vol. 6, no. 1, pp. 52-57. March, 1953. (Citellus, Clethrionomys, Dicrosto 
nyz, Ochotona) 

Mitier-Usine, D. Uber den Zehenspitzengang des Feldhasen, Lepus europaeus Pallas, 
1778. Siugetierk. Mitteil., Stuttgart, vol. 1, no. 1, p. 21. January 10, 1953 

Mumrorp, Russevt E. Bat banding in Indiana caves. Outdoor Indiana, vol. 20, no. 1, 
pp. 7-10, illus. January, 1953 

Nasu, JoHn Buake. An investigation of some problems of ecology of the beaver in north- 
ern Manitoba. Dept. Mines and Natural Resources, Game and Fisheries Branch, 
Manitoba, pp. 64, multilithed. April, 1951 

Nouvet, J. La reproduction des mammiféres au pare zoologique du Bois de Vincennes 
dans ses rapports avec |’alimentation. Mammalia, Paris, vol. 16, no. 3, pp. 160 
175. September, 1952 

Or.ricu, THomas M. A new Testudo from the Upper Pliocene of Kansas with additional 
notes on associated Rexroad mammals. Trans. Kansas Acad. Sci., Topeka, vol. 
55, no. 3, pp. 300-311, illus. 1952. 

Otivier, Georces. Le sacrum du semnopithéque. Mammalia, Paris, vol. 16, no. 3, pp. 
122-136, illus. September, 1952. 
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Papp, A., AND E. Tuenivs. Uber die Grundlagen der Gleiderung des Jungtertiirs und 


Quartirs in Niederosterreich unter besonderer Beriicksichtigung der Mi 
Pliozin-und Tertiar-Quartir-Grenze. Sitz.-Ber. Osterr. Akad. Wiss., 


math.-naturw. K1., vol. 158, pp. 763-787, illus. 1949 


Vienna 


»>AULIAN, Patrice. Sur la présence aux fles Kerguelen d’Hydrurga leptonyz (Bl.) et d’Ar 
tocenhalus gazella (Pet et notes biologiques sur deux phocidés Mammalia 
Paris, vol. 16, no. 4, pp. 223-227. December, 1952 

PEARSON, PauLt G 4 note on the food habits of captive shrews, Cryptot flor dar Or 
terly Jour. Florida Acad. Sci., vol. 14, no. 1, pp. 49-50. March, 1951 

PEARSON, Pau. G A field study of Peromyscus populations in Gulf Hammock, Florid 
Ecology, vol. 34, no. 1, pp. 199-207, illus. January, 1953 

PEDERSEN, TorBJGRN. A note on humpback oil and on the milk and milk fat from this 


species (Megaptera nodosa Norsk Hvalfangst-Tidende (Norwegian Whalir 
Gazette Sandefjord vol. 41, no. 7 pp 375-378. Julv, 1952 
Perry, J.S. The reproduction of the African elephant, Loxodonta africana. Philos. Tra 


Royal Soc. London, ser.’ B, vol. 237, pp. 93-149. February 10, 1953 


Trans. Kansas Acad. Sci., Topeka, vol. 54, no. 3, p. 395. 1951 


Peritr, Ropert M. Vertebrate remains in barn owl pellets from Stanton County. Kansas 
I 


PeTrRIDES, GEORGE A Aerial deer counts. Jour. Wildlife Management, Ithaca, vol. 17 
no. 1, pp. 97-98. January, 1953 

Perrer, I Note péliminaire sur l’éthologie et l’écologie de Psammomys obesus Cretzs 
mar. Mammalia, Paris, vol. 16, no. 3, pp. 137-147, illus. September, 1952 

Prrtot, P. L. The preorbital fossa of Hipparion. Amer. Jour. Sci., New Haven, \ 25 
no. 4, pp. 309-312. April, 1953 

Ranp, R. W. The Government guano islands: birds and seals. Union of South Africa De 


Agric., Pretoria, pp. 15, illus. 1950 


? 


teEDER, WittiAMG. The deciduous dentition of the fish-eating bat, Pizonyz vive On 


Papers Mus. Zool. Univ. Michigan, Ann Arbor, no. 545, pp. 3, pl. 1. March 25 


1953 


REYNOLDS, HaRowp ( Studies on reproduction in the opossum (Didelphis v 


virginiana). Univ. California Publ. Zool., vol. 52, no. 3, pp. 223-284. illus. Nover 
ber 13, 1952 
{ODBARD, SrmMo? Weight and body temperature in mammals. Science, Lancasté 
117, no. 3036, pp. 256-257 March 6, 1953 
RoKITANSKY, Gertn. Gefangenschaftsbeobachtungen an der Streifenmaus (Sicista su 
tilis Pallas Bonner Zool seitrage Jahrg 3, Heft 1-2 pp 1-9. July 15, 1952 
LOKITANSEY GERTH Héchstlebensalter der Gelbhalsm us 4 pode " is fla coll Mel nic 


1834. Siugetierk. Mitteil., Stuttgart, vol. 1, no. 1, pp. 29-30. January 10, 195 
RussEe.., Roper J Description of a new armadillo (Dasypus novemcinctus) from Me: 

with remarks on geographic variation of the species. Proc. Biol. Soc. Washing 

ton, vol. 66, pp. 21-26. March 30, 195 New: Dasypus novemcinctus da 
SANBORN, CoLIN CAMPBELI todents (Muridae) from Lunda District, northeaste: 


Angola. Publicacdes Culturais da Companhia de Diamantes de Angola, Lisb 
no. 14, pp. 107-120, map. August 5, 1952 


SANBORN, COLIN CAMPBELI Remarks ot Japanese bat, Vespertilio macrodactylu 
Temminck. Nat. Hist. Mise., Chicago Acad. S« no. 118, pp. 1-3. March 1 
1953 

SANDERSON, GLEN ( Methods of measuring productivity in raccoons. Jour. Wildlif 


Management, vol. 14, no. 4, pp. 389-402. Octobe 1950 


SAPIN-JALOUSTRE, J. Les phoques de Terre Adélie. Mammalia, Paris, vol. 16, no. 4, pp 


179-212, illus. December, 1952 

Scumipt-NIeLSEN, Bopit, Knut ScumiptT-NIELSEN, ADELAIDE Brokaw, AND HowarR 
SCHNEIDERMAN. Water conservation in desert rodents. Jour. Cel 
Physiol., vol. 32, no. 3 pp. 331-360 December, 1948 
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Scumipt-NIeLsEN, Bopit, aND Knut Scumipt-Nreusen. Do kangaroo rats thrive when 
drinking sea water? Amer. Jour. Physiol., vol. 160, no. 2, pp. 291-294. February, 
1950 

ScumipT-NIELSEN, BopiL, AND Knut Scumipt-NIBsLsEN. Pulmonary water loss in desert 
rodents. Amer. Jour. Physiol., vol. 162, no. 1, pp. 31-36. July, 1950. 

ScHMIDT-NIELSEN, Knut, Bopit Scumipt-Nre_sen, aND ADELAIDE Brokaw. Urea ex- 
cretion in desert rodents exposed to high protein diets. Jour. Cellular & Comp 
Physiol., vol. 32, no. 3, pp. 361-379. December, 1948 

ScHwarRTz, ALBERT. A new race of the round-tailed muskrat, Neofiber alleni, from southern 
Florida. Nat. Hist. Misc., Chicago Acad. Sci., no. 101, pp. 1-3. February 15, 
1952. (New: Neofiber alleni struiz 

SEALANDER, JoHN A., Jk. Body temperatures of white-footed mice in relation to environ- 
mental temperature and heat and cold stress. Biological Bull., Lancaster, vol 
104, no. 1, pp. 87-99. February, 1953 

SNIGIREVSKAYA, E.M. Royushchaya deyatelnost i ubezhisheha zheltogorloy myshi. Zool 
Zhurnal, Moscow, vol. 31, no. 5, pp. 744-751. 1952. (Yellow-throated mouse) 

SPERLING, FREDERICK. Organ: body weight, protein: organ and fat: organ ratios in large 
albino rats. Growth, vol. 17, no. 1, pp. 1-6. March, 1953 

Sprinz,R. The innervation of the trunk of the Indian elephant. Proc. Zool. Soc. London, 
vol. 122, pt. 3, pp. 621-623, illus. November, 1952 

Stein, Georc H. W. Uber Umweltabhangigheiten bei der Vermehrung der Feldmaus, 
Microtus arvalis. Populationsanalytische Untersuchungen an deutschen kleinen 
Saugetieren IV. Zool. Jahrbiicher, vol. 81, nos. 5-6, pp. 527-547. March 20, 1953 

Strrton, R. A. Are Petaluma horse teeth reliable in correlation? Bull. Amer. Assoc 

Petrol. Geol., vol. 36, no. 10, pp. 2011-2025, illus. October, 1952 
ABER, Ricnarp D. The secondary sex ratio in Odocoileus. Jour. Wildlife Management, 
Ithaca, vol. 17, no. 1, pp. 95-97. January, 1953 


AKASHIMA, H. The romance of Pére David’s deer. Misc. Repts. Yamashina’s Inst 
Ornithol. & Zool., Tokyo, no. 1, pp. 5-14, illus. December, 1952. (In Japanese, 
with English summary 


Tanaka, Ry6. Theoretical justification of the mark-and-release index for small mammals 
Bull. Kochi Women’s College, Shikoku, Japan, vol. 1, pp. 38-47, illus. December, 
1952 

Tanaka, Ry}. Further study on vole and mouse populations on Mt. Ishizuchi. Annot 


Zool. Japonenses, vol. 25, nos. 1-2, pp. 279-283. January, 1952 
[uenius, Ertcu. Fischotter und Bisamspitzmaus aus dem Altquartir von Hundsheim 
in Niederosterreich. Sitz.-Ber. Osterr. Akad. Wiss., Vienna, math.-naturw. KI., 
vol. 157, pp. 187-202, illus. 1948. (New: Desmana thermalis hundsheimensis 


Tuentus, Ertcn. Uber die Entwicklung des Hornzapfens von Miotragocerus. Sitz.-Ber 
Osterr. Akad. Wiss., Vienna, math.-naturw. K1., vol. 157, pp. 203-221, 1948 
THENI ERICH Uber die Gehdérregion von IJndarctos (Ursidae, Mamm Sitz.-Ber 


Osterr. Akad. Wiss., Vienna, math.-naturw. KI., vol. 158, pp. 647-653, 1949 

Tuenius, Ertcn. Uber die Saéugetierfauna aus dem Unterpliozin von Ilhan bei Ankara 
Tiirkei). Sitz.-Ber. Osterr. Akad. Wiss., Vienna, math.-naturw. KI., vol. 158, 
pp. 656-661. 1949 

Trenius, Ertcu. Die Carnivoren von Gériach (Steiermark). Sitz.-Ber. Osterr. Akad 
Wiss., Vienna, math.-naturw. K1., vol. 158, pp. 695-762, illus. 1949 

THENIUs, ErIcH Vartes gamlitzensis H. v. Meyer. Sitz.-Ber. Osterr. Akad. Wiss., Vienna, 
math.-naturw. K1., vol. 158, pp 

THENI Ericn. Zur Herkunft der Simocyoniden (Canidae, Mammalia). Sitz.-Ber 
Osterr. Akad. Wiss., Vienna, math.-naturw. K1., vol. 158, pp. 799-810. 1949 


/ 


93-797. 1949 


TueEenius, Ertcn. Zur Analyse des Gebisses des Eisbiren, Ursus (Thalarctos) maritimus 
Phipps, 1774. Siugetierk. Mitteil., Stuttgart, vol. 1, no. 1, pp. 14-20, illus. Jan 
uary 10, 1953. 
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Tuompson, Harry V. The edible dormouse (Glis glis L.) in England, 1902-1951. Proc 
Zool. Soc. London, vol. 122, pt. 4, pp. 1017-1024, pls. 2, February, 1953. 

Torre, Luts pe La. An additional record of the bat, Sturnira ludovici, in Mexico. Nat 

Hist. Mise., Chicago Acad. Sci., no. 105, pp. 2. May 2, 1952. 
TyNpDALE-Biscoz, C. H. A method of marking rabbits for field studies. Jour. Wildlife 
Management, Ithaca, vol. 17, no. 1, pp. 42-45. January, 1953. 





Van Gevper, Ricnarp G., anp Donautp F. Horrmetster. Canine teeth in white-tailed 
deer. Jour. Wildlife Management, Ithaca, vol. 17, no. 1, p. 100, illus 
1953. 


VENDELOO, N. H. VAN 


J nuary 


On the correlation between the masticatory muscles and the skull 
structure in the muskrat, Ondatra zibethica (L.). I. Proc. Kon. Nederlandse 
Akad. Wetenschappen, vol. 56, no. 1, pp. 116-127. 1953. 

VetuLyanr, TapeusH. Problema tarpana nafone noveyshekh rabot Akademii Nauk 

SSSR po istorii loshadey v starom svete. Zool. Zhurnal, Moscow, vol. 31 5 


ol, no. do, 
pp. 727-735. 1952. (Tarpan 
VieTINGHOFF-Rrescu, ARNOLD FruHR. v. Beitriige zur Biologie des Siebenschlifers (Glis 
glis L.). Bonner Zool. Beitriige, Jahrg. 3, Heft 3-4, pp. 167-186. February 20, 
1953 


Vorrio, Paavo. Subspecific boundaries and genodynamics of populations in 


mamr 
Ablaiili 





and birds. Ann. Zool., Soc. Zool. Bot. Fennica ‘‘Vanamo’’, vol. 15, no. 4 





, pp. 1 
1952 
Wiuian, R. L., C. A. M. Smits, anp P. Smirn. Atlantic seals on a Welsh breeding island 
studies of seal cows & calves Illus. London News, vol. 222, no. 5935, pp 
90-91, illus. January 17, 1953 
Winuan, R. L. Wild African elephants drinking and bathing. Illus. London News, vol 


222, no. 5942, p. 367, illus. March 7, 1953 
Wricut, Bruce 8. Further notes on the panther in the northeast. Canadian Field 
vol. 67, no. 1, pp. 12-28. January-March, 1953 
ZUCKERMAN, S. The breeding seasons of mammals in captivity. Proc. Zool. Soc. Lond 
vol. 122, pt. 4, pp. 827-950, illus. February, 1953 
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” COMMENTS AND NEWS 
} HONORARIA FOR GRADUATE STUDENTS 


1] f 
Life 

In order to encourage young mammalogists and to stimulate research, The American 
iled Society of Mammalogists awards Honoraria of fifty dollars ($50.00) each to young graduate 


i gg 
ary students for the purpose of 
Four such grants may be awarded each vear for papers to be presented at the annual meet- 


kull ing 


attending, and presenting a paper at, the annual meeting. 


1dse Papers submitted for such awards for 1954 must be in the hands of the Committee on 
Honoraria for Graduate Students by April 1, 1954. Send manuscripts to the chairman of the 
auk committee, W tobert Eadie, Fernow Hall, Cornell University, Ithaca, New York. For 
5 further details concerning the awards consult Journal of Mammalogy, Vol. 32, page 387 
The annual meeting in 1954 is tentatively scheduled for June in Rocky Moun 
lis tain National Park in Colorado 
24, 


SOCIETY FOR MAMMALOGICAL RESEARCH FOR BELGIUM, THE NETHER 
LANDS, AND LUXEMBURG 


-39 In addition to the note in Vol. 33, No. 4 in this Journal, it is reported that Dr. A. de 
Vos, Dept. of Entomology and Zoology, Ontario Agricultural College, will be in regular 

nd contact with the Secretary of this Society, Dr. A. Scheygrond, and that the former will be 

Dp glad to provide information regarding the new Society 

7 The Society issues an information bulletin in which are contained references to recent 

vol literature on mammalogy in the Benelux countries. The Board of the Society also recently 


made an arrangement with the editors of ‘‘Mammalia”’ to reserve a special section of this 


Journal for scientific publications 


CORRECTION 


Changes from the original manuscript in my recent article on the antelope ground 

iirrel (Jour. Mamm., 34) should be made as follows: page 329, line four should read 
igneous and metamorphic rocks’’; and on page 331, line 32 should read “the ground 
1 Ut lansburiana)” instead of “the blue-bellied swift Sceloporus occitdentalis)”’ 
ArpertT C. HAWBECKER 


HAVAHART HUMANE ANIMAL TRAPS 





The Allcock Manufacturing Company has a large variety of humane animal 
traps. They have many sizes of live traps for those who are interested in catching 
the animals unharmed. The HAVAHART TRAPPING BOOKLET will be sent 
free of charge to anyone who requests it from the Allcock Manufacturing Com- 
pany, Ossining, New York. Havawart traps have been used successfully by 
many who have been doing live-trapping experiments on small mammals. Write 
for the free booklet today. 
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Accidents, Odocoileus, 515 au 
Activity aul 
Berardius, 103 aus 
Citellus, 66, 339 
Hippopotamus, 306 Bac 
Ochotona, 132 
Procyon, 133 
Sore 119, 120 
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Africa, 114 
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Age determinatior bai 
beave 364 
Castor, 28 Ba 
Herpestes, 438 
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1 llorhinus ursinus 
Bradypus griseus, Panama, hab., 268 jilof Is., Bering 
Brain, Trichechus, 200 Is.. hab., phys 
Breeding colony, Callorhinus, 87 an Castor, 
Bree ling cycle Herpestes, 440 136, 239 
Breeding habits 231, 255 
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Canis familiaris, Ont., par., 137 
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Texas, par., 270 
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Alberta, hab., 389 


latrans, phys., wt., dist 


latrans lestes , distr., 237 
lupus 


lupus irremotus (comp.), 127 


r., 390; 


lupus occidentali Mont., distr., syn 


-eromyscus, 262 
Captivit' 

Aplo lontia, 396 

Canis, 390 

Cervus, 136 

Citellus, 342 

Ochotona, 132 

Sciurus, 509 

Sorex, 118 
Capuchin, twin-hooded, 385 
capucinus, Cebus, 267 


Sciurus, 153, 232, 509 


carolinensis, 


Castor canadensis, phys anat., par., 204 
Mont., hab., wt., 459; Wisc., wt., 260 
canadensis concisor, Colo., distr., 238 

Wyo phys., wt > | 
canadensis taylori, Wyo., phys > 

Caswell, Edwin B 

Accidental death of a mule deer ir 
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caurina, Martes, 74 

cavirostris, Ziphius, 251 

Cebus capucinus, Panama, hab., 267 
fatuellus paraguayensis, Calif cal 

tiv.), phys., 385 
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